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Electronic computers of various types are 
already in use in considerable numbers 

in Gt. Britain; but of those developed specially 
for commercial and industrial accounting 
applications, the National-Elliott 405 leads the 
field as the one most widely adopted 

for carrying out full-scale integrated data 


pre cessing programmes, 


Tllustrated above: a twenty 
cabinet all-purpose installatior 
incorporating four magnetic 
film units (for ‘writing’ and 
up-dating the ‘main data tile’) 
and a high-capacity fast 
access disc memory for the 
storage of (a) programmes and 
(b) data selected; automatically 
for actual processing 
(Additional Magnetic Core 
Memory and other advanced 
developments are incorporate 


in the 405M System). 


Electronic 
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Processing 
Systems 
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The use of computers demands a high order of intelligence, training and 
imagination, and men with such talents, difficult to recruit initially, will be 
even more difficult to retain in the computer room, if distinct career paths in 
automatic data processing are not established, argues A D Palley, a young 
American who recently examined British ADP activities page 9 


In all fields of endeavour—and not least that of business management—more 
knowledge or information accumulates than can be effectively handled and 
applied. One solution to this problem, essentially one of locating and sifting 
information, is suggested by an italian experiment in automatic literary 
analysis page 12 


The research and testing work required to make a jet engine or a rocket motor 
or a nuclear unit can be colossal. Rolls-Royce have successfully off-loaded 
a great deal of scientific data handling drudgery, inevitable in this work, onto 
two computers, which are additionally employed to do a limited amount of 


clerical data processing work page 17 


Developments in automatic programming—the short-cut technique for elimi- 
nating the considerable work involved in writing computer instructions—are 


reviewed in a report from America page 21 


An explanation of the Burroughs 220 computer system and its principal 
features is one of a series of articles on the various systems available to British 


organisations page 29 


A consultant comments, on the basis of a survey carried out by his firm, on 


the * commercial applications * of computers in Britain page 33 


How programmes, once they have been written, should be presented, and 
what information each programme manual should contain is set out in detail 
page 36 


The December issue of AUTOMATIC DATA PROCESSING will contain: 

® A basic commentary on * what is programming,” by A S Douglas, head of 
the computing laboratory at Leeds University 

® A description of IBM’s new 1401 data processing system 
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Plain talk 
about data processing 


From the time the first man stood on his hind legs and 
counted on his fingers, he has been using the best data 
processing system of all, the one in his cranium. He 
stored up his information and when he was faced with a 
problem he consulted his records and used them = to 
decide on the right course of action. As his affairs grew 
more complicated and he turned into a business man 
he tried very hard to predict things to come. But the 
cold truth is. as he discovered when his crystal fogged 
over, the only real way to predict the future is to recon- 
struct the past and to study it in relation 

to present facts and future trends. Facts 

and figures are needed in’ accessible 
form, and that’s what modern data pro- 
cessing does for him. It also takes a great 
load of 
(and the shoulders of his staff). 


drudgery off his shoulders 
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Plain talk about [-C:-T 


You do not ive to be a big business to use 1-C-] 
data proce equipment. The range is so wide 


computers, electronic calculators, punched cards 


that it used in businesses of all Sizes, 


from huge lertakings like British Railways to 


small con pat t mploying less than 2O people. 
PC:T service begins with your enquiry. Along- 
side your own executives I specialists will 
study your business to see if 1-C-T data processing 
equipment will help vou. If it will thev Il give vou a 
detailed report of their recommendations and their 
economics specilving equipment to meet your 
exact needs. 1-C-T trains your staff, and special 
courses ensure your executives gain the back- 
ground knowledge to make the equipment earn 
every penny of its keep. The same service 
sets the installation on its feet and is 
available to you throughout its life. 
This is 1-C-T service using all the 
resources of Hollerith and Powers-Samas, 


two pioneers of data processing. 








INTERNATIONAL COMPUTERS AND TABULATORS LIMITED 
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Opens f lat—Anyw here 


I dge to I dge 
Readability 


Amazing Capacity of 10” 
Flexible Nylon Posts 


Binders Available For Curst 


or Unburst Forms. 


‘Paralok’ ~*~ on view 


Showing the revolutionary construction of **‘ PARALOK’’*—The Binder of 


tomorrow, in use today—For filing continuous marginal! punched torms. 


Users and potential users of marginal punched torms are invited to see (with 
out obligation) a demonstration of the new **PARALOK’’* Binder. Please 
write or telephone: 


* The word **PARALOK™’ is a Registered Trade Mark 


LAMSON PARAGON LIMITED 


PARAGON WORKS, LONDON, I 


Telephone: ALBert Dock 3232 
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Sales Talk 


EVERAL manufacturers of computers and data processing 
machinery have become more reticent, lately, about the volume 
of their sales, so that it is difficult now to assess the health of the 

market. But there is reason to believe that the earlier sluggishness is 
easing and that the new year will bring a steady expansion. 


There are several things that might help to enliven the industry: not 
least the realisation of its crucial position in British industry as a whole. 
it can hardly need saying again that the health of British export trade 
depends almost as much on automation as on political decisions. And 
automatic data processing is, in almost any industry, the nerve centre of 
automation. 


The industry has undoubtedly suffered from a good deal of bad 
publicity, much of which has come originally from computer salesmen 
and self-appointed experts in data processing, cybernetics, electronics, 
Uncle Tom Babbage and all. How many hard-headed but soft-centred 
businessmen have been frightened off by science fiction stories about 
electronic brains and visions of Orwell's 1984? Times of revolutionary 
change, it has been said in another context, provide a happy hunting 
ground for charlatans. Some of these have hunted merrily among the 
woods and dales of * management sciences, and they have done a good 
deal of damage to the landscape and left behind them a litter of mis- 
conceptions, wild surmises and predictions headed for perpetual orbit 
in moonshine 


Nothing that we can say will siience the lunatic fringe: like the poor 
they are always with us; but at least those whose business it is to 
publicise the industry would do well to take stock of their consciences 
and ask whether they are really doing well to encourage totally false 
ideas in the public mind about the capabilities, present and potential, of 
electronic business machines. 


New ideas, like the management game, election calculations, literary 
indexing, are admirable; but it cannot do any good to tell the public, 
who are surely not as gullible as all that, that computers can read Alice 
in Wonderland in 90 seconds or be programmed with human emotions. 
At this point words take leave of sanity, and the people who talk and 
write in this irresponsible way, however much publicity they may gain 
for themselves, do nothing but harm to the rest of us 








3,000 printed lines 


XMERONIC 


unlimited computer 





output for business 


applications 


A break-through in output printing speeds— 
the Xeronic opens up a whole new field for 
the economic application of computers !n 
routine business work by printing by xero- 


graphy in an entirely new range of speeds. 


NO DELAYS in handling peak period loads. 


RELIABILITY—no rapidly moving mechanical 
parts 


SAVINGS ON PRINTING FORMS—the Xeronic 


prints its own 


EXTREME FLEXIBILITY in tabulation, selective 
printing, variation in typeface and character 
size 

This important development has 

HIGH QUALITY PRINT with duplicate copies been designed and engineered in 

the Research Laboratories of Rank 

Precision Industries Ltd. In_ this 

new achievement British science 

again leads the world. 


as required 
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International Limited 


Limited 
organisation 


International 
introduced a new 


Standard-Triumph 
have just 


structure to meet the expanding activities of 


the Standard-Triumph group and to ensure 
that the whole of its financial and managerial 
resources are effectively employed in the 
expanding production and sale of its cars, 


organisation is in the field of automatic data 
processing and the Company is installing a 
LEO Automatic Office, which will include a 
large transistorised magnetic cere memory, 
magnetic tapes and high-speed printers. 
The LEO Automatic Office will play a 
vital part in the planned expansion of the 


commercial vehicles, industrial engines and 
other products. 
An important development in 


Standard-Triumph group, by giving man- 
agement even faster access to information 
covering all aspects of the organisation. 


LE 


LEO Computers Limited, Hartree House, 151A-159A Queensway, London, W.2 
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On 1-B-M Electric Accounting Machines 


Wilkes 1.B.M. RIBBON FEED eliminates the cost and 
wasted time of carbon duplication. 
Simple to operate, easy to install, this 
new attachment produces up to five perfect 
copies without the use of carbons. 








f Investigate this new low cost 





continuous stationery system, by 





writing immediately for our free leaflet. 


JAMES WILKES LIMITED 


STAFFS 
AND 


BILSTON 
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IN CONTINUOUS 


FORM 











Announcing piiiie 


CARD PUNCH 
COMBINATION 


class 31 





HERE NOW-—Automatic alpha-numeric punching and 
verification of CARDS as a simultaneous by-product 
of high-speed postings to conventional accounting 
records of all types. 


SOME IMPORTANT ADVANTAGES 


High-speed recording of numbers, references and amounts on a con- 
ventional ‘direct-entry’ Keyboard, familiar to all = 





Verification of reference numbers and brought-forward balances, AUTOMATIC 


before punching into cards CARD PUNCH 
No separate verification required i 


Line-by-line proof establishes accuracy of postings 





Plug-board control of punching programmes provides complete 
flexibility of system and card layout FULL DETAILS, PRICES & 
SPECIFICATIONS AVAILABLE 
ON WRITTEN REQUEST TO THE 


The N 1 Cl ui d ble ( — nt f ti Accounting Machine Division of 
e Nationa ass s adaptable (in seconds) to a ypes of accounting 

operations e.g.: INVOICING * PAYROLL * STORES LEDGERS * SALES & THE NATIONAL CASH 
PURCHASE LEDGERS * COSTING * BUDGETARY CONTROL * MATERIAL REGISTER COMPANY LTD., 
ANALYSIS * ETC. And now—it provides an automatic unit input medium for 206-216 Marylebone Road 
use with orthodox punched-card systems andjor electronic computers. London N.W.1. PAD 7070 


» Cards punched with no extra machine time 
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by A D PALLEY 


Career Paths in 


utomatic Data 


Processing 


To attract and retain men of the right calibre to run ADP operations, companies 
may find the only solution is that of making ADP one step in the 
executive promotion ladder, rather than considering its function as a purely 


specialist one, says this American business consultant 


NTEREST in automatic data processing has 

been focused much more upon machines and 

machine systems than upon the people who 
plan for, supervise, and operate them. It is in 
fact only recently in this country that training for 
the use of computers has begun to focus (to a 
limited degree) upon the systems aspects of com- 
puters. Yet success in the use of data processing 
equipment depends far more upon people than 
upon machinery. 

It is by now a truism that the use of computers 
demands a high order of intelligence, training, and 
imagination. These are and always have been 
It is almost as much 
a truism that the most successful computer instal- 


commodities in scarce supply. 


lations are planned by the user’s own personnel, 
knowledgeable in the and business 
methods of the company, yet | am embarrassed to 
say that many, if not most, of the companies that | 
have visited in Britain have been forced to look 
outside for the necessary talent. 


objectives 


Not the Fault of Universities 


HERE is a tendency to blame this shortage of 
talent on the British educational system; to 
quote from a recent Times report on a conference 
of the Scottish Liberal Party: “The debate produced 
a serious attack from a Glasgow delegate on the 
refusal of the British Universities generally to 
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introduce faculties of business administration, 
which had led to British business men being out- 
gunned by Americans Yet British Universi- 
ties, to an American, appear to produce the world’s 
finest general education; to provide students with a 
rock-like foundation for the application of scienti- 
fic methods to business problems. The fault, to a 
great degree, lies with British industry, in not 
providing the environment for managerial develop- 
ment. This is acknowledged. There is a growing 
feeling that something must be done, and the first 
steps are now being taken. 

The advance towards automatic data processing 
occurs at the same time as these first steps, and it 
gives an excellent opportunity to provide concen- 
trated exposure to managerial and procedural 
problems at an early stage of executive develop- 
ment. We may look upon careers in data proces- 
sing as careers in management. 


Challenging, Exciting Work 

OW often are competent people attracted to 

ADP by the promise of challenging, exciting 
work in 2 new science. What we really mean when 
we talk of the science of automation is an expansion 
of the science of management. We thus open the 
door to new ways of solving the problem of 
supplying ADP organisations and keeping them 
supplied. Every field of administration has its 
quota of terminal jobs staffed by persons who 
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neither aspire to nor have the qualifications for 
higher level positions. In the ADP organisation 
we have key punch operators, tabulating equipment 
operators, and coders, but for systems analysts, 
supervisors, and programmers, the story may be 
somewhat different. 

In these latter cases we look for planning 
ability, a relatively high level of intelligence, the 
ability to analyse and solve problems, perseverance, 
a management outlook, and—of the greatest 
importance—a deep and abiding interest in the 
problems administration and control. We 
rarely find these abilities in personnel recruited for 
terminal positions, nor do we ordinarily look for 
them there. We find them in the executive of 
tomorrow. 


of 


A Rational Approach 


F ADP is to be accepted as an indispensable tool 
of management then it seems completely 
obvious and logical that an assignment of potential 


executives and managers to the ADP organisation 
be a definite part of the executive development 
programme. The all too frequent attitude of 
British management ‘ aprés moi le déluge,” is bound 
to fall. It is being replaced by a rational planned 
approach for seeking out management talent at the 
beginning and giving it thorough, deliberate 
training and on-the-job experience in the art of 
management. Assignment to important and 
responsible work in the ADP organisation must 
definitely be included in any management develop- 
ment scheme, planned or in existence. This 
vital to the ADP organisation and to the company 
as a whole. 


Dead-end Jobs 


N our American consulting organisation we 
found it extremely difficult two years ago to 
recruit the cream of data processing experience, 
but now at a time when the industrial need for 
trained personnel is expanding, we have been 
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flooded by applications from very high quality, 
experienced data processing personnel. The answer 
to this contradiction is simple: these people are 
bored to tears in dead-end jobs. 
clue to the methods to be used in England for 
If the best 
staff is wanted for data processing organisations, 
must be for 
rather than for data processing careers, and this 
There must be a 
planned programme of career development to go 
with it. 

The accompanying chart shows a generalised 


This is a vital 
recruiting for ‘data processing careers.” 


recruitment management careers 


must be more than a promise. 


pattern of career development beginning with the 
entrance into the company of the ‘management 
trainee,’ his initial assignments in various operating 
divisions, and his period of assignment to the data 
processing centre. After such an assignment he 
should then be ready to take a regular place in 
middle management for further development to 


top-level positions. 
Alternative Paths 
EVERAL career paths are evident from a study 
of this chart. 
programmers would come from the operating units 


Trainee systems analysts and 


and would be people who occupied junior and 
trainee positions. The more senior people required 
would more likely be selected from sub-supervisory 
level positions in these same operating units or even 
For instance, 
the manager of the ADP organisation would most 
likely come from a middle management supervisory 


from ‘middle management’ levels. 


position. 


supervisory level staff would possibly involve 
skipping over the middle management level, since 
top ADP staff would themselves be middle manage- 
ment. Thus, the manager after a reasonable length 


of time on the job may be considered qualified for 


divisional level responsibilities on the strength of 


his training and performance in the ADP organi- 
sation and previous assignments. 
The systems analyst or programmer who some 


day aspires to be a divisional or higher level 


lilustration by Papas 
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Similarly, subsequent advancement of 


executive is more likely to be initially better 
qualified for his work than the person whose 
training, attitudes, and hopes are on the clerical or 
technical level. By the same token, the person 
selected (at least, initially) to assume responsibility 
for a staff or operational function of the ADP 
organisation should properly be someone who has 
had a considerable amount of training and experi- 
ence in managing one or more of the company’s 
operating units 
Vitally Important Training 

N either case, a tour of duty in the data proces- 

sing organisation is, or will in the future be, 
vitally important training for such people before 
they may be considered prepared to move on to 
This visual- 
ises, of course, a data processing centre which is at 
the heart of a scheme of integrated managerial 
information. The careers for which ‘career’ data 
processing personnel are being trained are limited 
only by the scope and extent of coverage of the 


positions of still higher responsibility. 


company’s ADP programme. 

Problems of qualification, pay, classification, and 
promotion, in this view, then begin to come back 
to their proper custodian—the personnel executive. 
Competition for bodies by the lure of gold, a price 
The creation of a 
foolish. The 
golden rules of personnel administration apply in 
this field as in all others 


war for talent, is senseless 


‘technical aristocracy’ is equally 


A Very Superior Weapon 
NLESS the field of ADP is regarded as a 
stepping stone to management careers, there 


is a danger of control by the controllers of infor- 
mation, possibly unqualified to provide a balanced 
and humane management. For if there is anything 
revolutionary about ADP, it is in that it provides a 
very superior weapon to scientific management. 
And like the crossbow, the mortar, or the nuclear 
bomb, this new weapon can do harm if left in the 
hands of those who by forced isolation are incap- 
able of the deliberative judgment of wise manage- 
ment. 





AUTOMATIC 
LITERARY 


ANALYSIS 


A successful experiment in the mechanised indexing of the 
Summa Theologica of Saint Thomas Aquinas illustrates 

the extensive uses to which automatic information retrieval may 
he put in libraries that are growing too rapidly to 


he used effectively by conventional means 


by ERROLL WILMOT 
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‘’ YBERNETICS is so new a discipline among 
( the specialist studies that it makes some 
other younger sciences, like anthropology, 
sociology and psychology, look like Methuselahs 
by comparison. But the study of control mecha - 
isms, whether in the industrial workshop or in the 
mammalian nervous system, clearly has a central 
importance which impinges on a number of other 
studies. It also has a direct bearing on the 
practical affairs of daily life of increasing import- 
ance in an era of mechanisation. This relevance 
to a large number of other sciences and specialisms 
is possibly its most important feature. It repre- 
sents an insight into a crucial problem created by 
the accumulaticn of specialist knowledge in a 


technological era: the problem of retrieval of 


relevant information at the required time 


VEDICAL LITERATURE 


The problem was discussed by Dr Frangois 
Paycha in a paper, Medical Diagnosis and Cyber- 
netics, at a symposium on The Mechanisation of 
Thought Processes at the National Physical Labora- 
tory, Teddington, Middlesex, in November 1958. 
Here Dr Paycha referred to the difficulty experi- 
enced by specialists in keeping pace with the 
advance of knowledge in their own specialised 
fields. He demonstrated the practical impossibility 
for any one man of keeping pace in the more 
general field of medical practice. There are, he 
said, ‘some 4,785 [?medical] periodicals published 
in the world.” Assuming ‘a monthly issue, with 
four articles of interest in each issue, anyone who 
wished to keep up to date would have to read—and 
remember—some 19.140 articles a month, or 638 
a day.” 


The illustration expresses emphatically enough 
the nature of a problem that besets contemporary 
man: the curious fact that we have accumulated 
more knowledge than we can handle effectively. 


It is as true in any other study—biology, 
metaphysics, art history, musicology, commerce, 
accountancy or economics—as it is in medicine. 
In short, even the best human brains can absorb 
only a minute fraction of the knowledge they 
require, and because human memory is always 


imperfect they can employ reliably only a part of 


what they absorb. 


{ LIBRARY SERVICE 
The science of cybernetics, here interpreted to 
mean the storage and retrieval of information 


aie PERE 
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necessary to the performance of desired activities, 
can to some extent relieve the congestion of infor- 
mation by providing a library service that not only 
stores information systematically but equally 
systematically searches for it and collates it. 

The possibilities may be illustrated best by 
reference to a practical undertaking in automatic 
literary analysis which was carried out by Father 
Roberto Busa, SJ, of the Pontifical Faculty of 
Philosophy at the Aloisianum at Gallarate in 
Italy. The undertaking was described by P Tasman 
in an article entitled ‘Literary Data Processing’ in 
the /BM Journal of research and development, 


> 


volume |, number 3, July 1957 


SUMMA THEOLOGICA 


Approximately 1,600,000 words of the Summa 
Theologica of Saint Thomas Aquinas were indexed, 
mechanically, with the aid of IBM punched cards. 
Tasman presents certain comparative figures as an 
indication of the economy in time made possible 
by the use of mechanical or electronic data pro- 
cessing methods. He estimates that, by ‘manual’ 
methods, three people would take 20,000 hours to 
produce the index and concordance that was 
produced on ‘standard punched-card equipment’ 
by three people in 1,000 hours. In other words, 
the mechanical operation can be performed, it is 
estimated, in one-twentieth of the time that would 
be required for manual operation. This compari- 
son, it should be emphasised, exc/udes the time 
taken for preparation and programming: in other 
words, the time saved is time that would normally 
be spent by scholars in clerical drudgery. It cannot 
be doubted that mechanical operation must yield a 
substantial saving in time, and it is probable that 
it will effect greater accuracy than human labour. 


BASIC RULES 


Tasman describes the steps that were taken to 
perform the literary analysis that Father Busa 
desired to complete: the primary object was to 
provide a method by which the text of the Summa 
Theologica could be indexed mechanically and 
classified according to certain predetermined 
specifications. For this purpose it was first 
necessary to establish a set of basic analytical rules 
which would be adequate to render classification 
of the words to the required degree of refinement. 

The preparatory work of textual analysis and 
verbal classification was of necessity done by 
scholars: this is not, it is hardly necessary to say, 





within the competence of tabulating or computing 
machines. Though all such analogies are mis- 
leading if accepted uncritically, one may regard 
this preliminary analysis in the literary context as 
corresponding to the systems study in a commercial 
situation. 


SIX SIGNIFICANT STAGES 

Tasman lists six stages (not five as he says in his 
account) that are considered ‘most significant’ in 
compiling a concordance by mechanical methods. 
These are: 

(1) the analysis of the text into logical para- 
graphs; 

(2) analysis and transcription of the text into 
phrases of sizes suitable for machine processing; 

(3) reduction of the phrases into single words; 

(4) indications of the reference, ‘placement’ and 
value of individual words; 

(5) preparing an alphabetic index, grouping 
inflected forms of each word: and 

(6) the association of the individual words in 
context in such a way that their associations may 
be useful to scholars and statisticians. 
PREPARING CARD INDEXES 

The object of the undertaking at Gallarate was to 
prepare complete cardfile indexes and _ several 


special concordances of the Summa Theologica. 
Conventional punched-card machines were used 
‘on the premise that the system should be applicable 
to universities, colleges and research organisations 


where limited funds might be available.” 

In the first phase of the undertaking scholars 
analysed the text, ‘marking it with precise instruc- 
tions for card punching.” A clerk then copied the 
text with a typewriter operating a card punch to 
produce a set of phrase cards. ‘These cards 
contain all the lines or phrases of the text, one on 
each card, in sequence, transcribed in symbols 
(punched holes) that can be understood by the 
machine.’ Each phrase was preceded by a refer- 
ence serial indicating its location in the text and by 
a special mark identifying the phrase as original, a 
Thomistic quotation or a quotation from another 
author. The phrase cards were rigorously checked 
by a second clerk and inaccuracies were corrected 
before the cards were fed into the machine for the 
automatic production of individual word cards, 
one card for each word in the entire text, each card 
marked with identifying data, indicating the exact 
position of the word in its context. (See Figure |.) 


FORM CARDS 


From the word cards the machine automatically 
produced form cards, from which all word dupli- 
cates were eliminated. (Semantically different 
homographs were not distinguished by the machine: 
an omission which had to be repaired by scholars.) 
Each form card recorded the frequency of the 
word’s occurrence in the text and coded the word 
according to its alphabetical sequence. This 
coding was transferred to the word cards, which 
were mechanically sorted into alphabetical order. 
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From the form cards the scholar prepared a list of 
entry words for a complete index, taking into 
account the homographs ignored by the machine 
From this list a set of entry cards was prepared. 
forming a second summary list of the author's 
lexicon, this time on a graphic-semantic basis. 
The form cards and word cards were grouped under 
their respective entry cards and the machine 
automatically punched the form and entry code 
numbers in each word card and recorded the 
frequency of occurrence of each word on each entry 
card. 

In the phrase cards and word cards two complete 
textual transcriptions were made, and two summary 
indexes were produced in the form cards and entry 
cards. 


DOUBLE FUNCTION OF CARDS 

The cards contain not only the coded information 
in the form of punched holes but words and 
phrases in Latin as well as the numerical codes 
indicating the location of the words and phrases in 
the text. It is thus possible for the card files to be 
consulted by scholars as well as being processed 
through the machines. The cards also have a 
section prepared for marking with graphite pencils 
so that scholars may record information to be 
directly ‘sensed’ by a machine without the inter- 
vention of the typewriter card-punch. 


ESTIMATES OF TIME SAVED 

Tasman includes in his account of the Thomistic 
analysis at Gallarate estimates of the time it would 
take to index the ‘complete writings’ of Saint 
Thomas Aquinas, containing approximately 13 
million words. This work, he says, in a phrase 
reminiscent of Lewis Carroll, “would take 50 
scholars 40 years.” Using punched cards, he 
claims, more accurate indexes would be produced 
by only 10 scholars in only four years. Planned 
use of large-scale processing machines would reduce 
the time to one quarter of that taken with punched 
card machines, which represents one half of one 
percent of the manhours estimated as necessary by 
traditional methods. Even if the estimates of the 
machines’ capabilities are much too optimistic, it 
must, I think, be admitted that a convincing case 
has been made out for the time-saving potentialities 
of automatic literary analysis. 


ELOQUENT ARGUMENT 

There is probably nowhere a stronger prejudice 
against mechanical techniques than among scholars 
engaged in the humanities, unless it is among the 
creative authors and artists upon whose work they 
exercise their scholarship. The use of data pro- 
cessing machinery in such a field seems to me as 
eloquent an argument for its general utility as one 
could hope to find. I hope in a later article to 
deal with Paul Tasman’s work in connection with 
another scholarly project: the analysis of the manu- 
scripts popularly known as the Dead Sea scrolls 


EMPHASIS ON ACCURACY 
That Mr Tasman is not himself a scholar must 
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excuse one or two inaccuracies and obscurities in his 


account. (I have cited one. A second is a 


confusing but unexplained redundancy in his list of 


special reference marks on the word cards.) | 
refer to this apparent triviality because it illustrates 
a danger inherent in the mechanisation of scholar- 
ship. In fact, this is itself a misleading phrase, for 
it is only the peripheral drudgery that can be 
mechanised, not the essential scholarship. The 
danger is that errors once admitted will be multi- 
plied and perpetuated. Machines, which can 
detect clerical inconsistencies, can never detect 
errors in scholarship. It would therefore be 
incumbent upon scholars, in order to avoid 
perpetuated errors, to devote increasingly scrupu- 
lous care to the preparation of data. Scrupulous 
scholarship has not been the outstanding feature 
of this generation; so it is possible that, if automatic 
literary analysis becomes a habit, the machine may 
prove its worth by imposing stricter standards on 
those who work with it. 


LIBRARIES OF TOMORROW 


This emphasis on scrupulous accuracy can be 
seen to be important when one considers the role 
that cybernetics may be expected to play in the 
retrieval of humanistic, scientific and technical 
information from the accumulated and _ ever 
increasing mass of human knowledge. The experi- 
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jargon 


ment at Gallarate may be regarded as a prototype 
of larger, more extensive and more complex 
information retrieval systems that we shall in time, 
I suspect, become accustomed to in such institutions 
as the British Museum Library and the Library of 
Congress. Perhaps in the autumn of 1959 this 
may look like an over-bold prophecy: but who in 
1949, say, would have believed that within a decade 
we should be preparing to project men into space 
beyond Earth’s atmosphere? 


SOLUTION TO A VAST PROBLEM ? 

Automatic indexing may play a crucial part in 
solving the immense dilemma in which we find 
ourselves, of having accumulated vast quantities 
of knowledge in a hundred specialised studies and 
having lost the means either to retrieve a great deal 
of vital knowledge because it is lost in sheer bulk 
or to communicate across the barriers of elliptical 
erected around every specialism. By 
reducing time spent in drudgery, and by requiring 
its own codification and so imposing a /ingua franca 
on sciences and humanities alike, the art of cyber- 
netics may reverse the present trend of ever 
increasing insularity of scientific studies and help 
to restore intercommunication. In this way 
it will contribute to the integration of scientific and 
humanistic activities that has long been urgently 
necessary. 
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A New 
Data Processing 


System 


the English Electric Company has placed on 
the market, is one of the most comprehensive 
and up-to-date systems available. 

The experience gained from the successful 
application of ‘Deuce’ to specific sectors of the 
commercial data processing field led the company 
to undertake intensive studies to find the ideal form 
which such data processing systems could take. 
The projected system must be capable of handling 
such problems as market research and forecasting, 
inventory and production control, cost accounting, 
pay-roll, sales and cost analyses, as well as such 
wider matters as statistical surveys and census 
studies. The object was to produce a system which 
was such a substantial leap ahead in concept and 
design that it would set a standard for several years 
to come. 

In the English Electric KDPIO an impressive 
solution has been found to this problem of the 
ideal system. The machine, which is to be built 
at the company’s Kidsgrove works, is based on a 
design by the Radio Corporation of America, 
modified to suit manufacturing techniques and 
operational requirements in the United Kingdom 
and Europe. 

SPECIAL FEATURES 

KDPIO is a complete and fully transistorised 
data processing system embodying the latest 
techniques of advanced computer design. 


Flexibility of Data Handling 

It is capable of handling alpha-numeric data and 
employs magnetic tape, punched paper tape and 
punched card input/output as well as printed 
output. These facilities allow the system to be 
integrated with any existing mechanised office and, 
by the use of magnetic tape, provide for the daily 
scrutiny and up-dating of records and files in 
organisations handling masses of detailed informa- 
tion. 

Its magnetic core storage is expandable to 
provide for a very large capacity and its outstanding 
characteristics include an extremely high rate of 
transfer of information to and from the magnetic 
tape storage. 


Aittet data processing system, KDP.10, which 
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Simultaneous Calculations 

KDP10 has the ability to perform an unusually 
wide variety of operations simultaneously. 

The system can record and transfer information 
on tape at the very high speed of 33,333 characters 
per second in the quantity required—unlike the 
conventional systems which provide for standard 
lengths of tape whatever the amount recorded. 

There is a fully comprehensive automatic 
checking system which virtually eliminates chances 
of error in the input and output of information and 
ensures the accuracy of arithmetic calculations. 


Transistor Design 

The advantages of the use of transistors, printed 
circuits and miniature components are well known; 
in the case of KDP10 they are particularly marked 
in relation to the saving of actual unit costs and of 
the provisions that need to be made for power, 
ventilation, floor space and maintenance. 


THE SYSTEM 

The KDPIO system consists of a number of 
integrated units covering high speed store, pro- 
gramme control unit, tape selection and buffer 
unit and a console with associated monitor printers 
and paper tape punch, a paper tape reader and 
high speed printers. 

The high speed store is a random access magnetic 
core device which provides storage for programmes 
and data. This memory can be easily expanded 
to meet system requirements within the range of 
16,000/260,000 characters. 

The programme control unit is the arithmetic 
and logical control element of the computer which 
interprets and executes the instructions of the 
programme stored in the high speed store and 
performs the automatic accuracy checks. 

The tape selection and buffer unit A allows for the 
connection of from one to eight tape stations to 
the computer and controls reading from and writing 
to magnetic tape on these stations. Programme 
instructions indicate the appropriate magnetic tape 
unit for input or output. The number of magnetic 
tape units directly controlled by the computer may 


Continued on page 48 
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HOW TO MAKE A 
JET ENGINE 


by KEITH BEAN 


OLLS-ROYCE—designing, developing and 
R making jetplane engines, nuclear units, 

rocket motors, oil engines and cars——are a 
precision engineering firm with a big demand for 
comprehensive computing facilities. They have 
built up a central computing service for their 
aero-engine division (for technical, financial and 
production control applications) and their rocket 
and nuclear groups (for technical calculations) 


They have written 600 programmes, plus the host of 


subroutines and general utility routines essential to 
a comprehensive service of wide variety. 

With a computer office established in 1954, the 
company installed a basic IBM 650 computer in 
December 1955 and, in May 1957, another 650 
with magnetic tape units as well as an ‘on-line’ 
printer and floating decimal and index registers 
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With two 650 computers, Rolls-Royce have 
achieved savings in time and money largely 


in their design and scientific work 


1? 


These two work about 120 and 130 hours a week 
respectively. 

Due for delivery next year is an IBM 7070 
computer. The new machine will have plenty of 
work as soon as it is installed. This is clear from 
the fact that the computing service’s present 
complement of nuclear programmes represents 
about the maximum aid the service can give the 
Rolls-Royce nuclear group with its present compu- 
ting equipment. There are a number of 704 and 
709 nuclear programmes already written which the 
nuclear physicists and designers urgently need, 
but which are beyond the capacities of the 650s. 
Work is in hand to adapt these programmes for 
the new machine 

However, the past and present work of this 
computing service comprises computer applica- 
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Computers 

are invaluable 
for processing 
data da rive d 
from engine 


tests 





tions of wide general interest but it shows how an 
alert approach—the constant seeking of new ways 
toward the fullest exploitation of the computer 
can lead to more efficient, more profitable working 
in a big concern. 

The company’s aero-engine division is, of course, 
a big concern in its own right. It is the fountain- 
head of more than 70 percent of Britain's 
aero-engine exports and they are running at an 
annual rate of £60 million this year. In the last 
two years Rolls-Royce has spent more than £10 
million on the direct development of engines. 


COMPUTERS IN RESEARCH 


The computer contribution to the technical work 
in research, design and development of the Rolls- 
Royce aero-engines has been impressive. 

In the beginning, surveys roughly determine the 
performance of the major components required to 
obtain the over-all target performance of the newly 
envisaged engine. Computers are invaluable here 
for, although each performance point produced 
involves quite simple arithmetic, the total volume 
of computation needed to permute a large number 
of values from each parameter is so great that it 
would probably not be tackled exhaustively 
without a computer. 

The rough configuration of the major engine 
components—compressor, turbine, combustion, 
jet pipe and so on—having been determined, models 
or full-scale versions of these components are 
designed for testing and developing with a view to 
incorporation in the eventual engine. 


The compressor is a good example of design and 
development work at this stage of the engine’s life. 
Once over-all blade shapes and passage areas are 
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determined, every part of the compressor has to be 
designed, bearing in mind a number of conflicting 
requirements, including stress, weight and vibra- 
tion; and these have to be compromised with 
detailed performance requirements. 


VIBRATION FREQUENCIES 

The computer is concerned, for example, with 
determining frequencies and modes of vibration of 
the whole rotating system and of the disc and 
blade combinations, the stresses in the rotating 
discs and blades, with aerodynamic calculations 
and, at the final stages of design, with detailing the 
completed blade shapes for rapid manufacture 
The computer also provides a valuable service by 
having readily available standard mathematical 
routines such as the solution of simultaneous 
linear equations and sets of differential equations 
which are frequently required. 

With the possible exception of detailing blade 
shapes, these processes have to be repeated a num- 
ber of times until the optimum configuration is 
achieved. 

‘Our computers have made a valuable contri- 
bution towards shortening the design cycle by 
enabling the necessary computation to proceed 
more rapidly and more exhaustively than was 
possible by manual methods,’ says Mr L Griffiths. 
the chief computing engineer. “They also make 
possible complex “pre-engine-build” investigations 
which would involve a prohibitive amount of 
human computation.’ 

However, he is confident that much more can 
be done in this area. 

“We think it will be possible, with the aid of a 
more powerful computer than either of the 650s. 
to amalgamate a number of these programmes 
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within the computer by part or group of parts so 
that the sometimes conflicting requirements of 
vibration, stress, weight and so on may be resolved 
within the computer without the need for the work 
to pass, in between computer runs, to and fro 
between offices with different responsibilities, he 
said. 

‘If this can be achieved on any significant scale, 
then the design time of a new compressor would be 
still further reduced. 

‘This doesn’t mean that it will be possible to 
design and work out all the associated problems of 
a major engine component entirely within the 
computer, without the intervention of human 
judgment. The complex pattern of forces and 
factors involved in the design will always primarily 
be the responsibility of design teams and associated 
departments. But nevertheless another major 
breakthrough, with obvious and_ considerable 
advantages, now appears very probable.’ 
COMPONENT TESTS 

Immediately the parts of a model or a full-scale 
compressor have been assembled comprehensive 
component tests are undertaken. Each test con- 
sists primarily of measurements of pressures, 
temperatures and flows throughout the compressor 
with readings taken at different rotational speeds 
Ideally, the development engineers require analyses 
of each speed group of readings as soon as they are 
obtained—to determine whether they have suffi- 
cient information from the test or, if more is 
required, at what additional speeds readings 
should be taken. 

In practice, a centralised computer serving all 
interests cannot be as efficient from the test 
engineers’ point of view as a computer ‘on-line’ 
to the test facilities, but Rolls-Royce nevertheless 
usually maintain a guaranteed turnround of one 
hour on current work of this type As a result, 
test stand facilities which are at a premium and 
cost a great deal per hour to run are used as 
efficiently as possible. 

Analyses of compressor tests usually fall into 
two categories. The first produces what are called 
‘compressor characteristics, giving the over-all 
performance of the compressor in terms of para- 
meters convenient to designers and engineers, and 
the second gives characteristics of each blade stage 
of the compressor. They indicate possible changes 
that will improve performance. 

To evaluate all of these by building the various 
combinations and then testing them would be 
prohibitive in cost and time. It is possible however 
to devise a computer programme which will in 
effect be the reverse of those outlined above as it 
will build up the over-all characteristics of the 
compressor from the stage characteristics, incor- 
porating alterations suggested by the designers and 
engineers in some or all of the stage configurations. 
Although it is not possible to forecast accurately 
all variables concerned, a sufficient number can be 
obtained with adequate accuracy to evaluate the 
various ideas for improving the compressor before 
any hardware is made. What seems to be the 
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CLERICAL DATA 
PROCESSING 


PROCESSING data for financiat and pro 
duction control work at Rolls-Royce is 
complicated by the aero-engine division’s pro 
duction methods. since the factories cannot 
adopt mass production methods. The com 
pany’s Derby factories, for example. build 
development and early production engines and 
need to contend with a company policy oj 
incorporating technical improvements in 
engines as soon as available 

This means that the product is continually 
changing and is therefore difficult to control. 
Further complications arise from the fact that 
control is kept on about 50,000 different parts. 
some requiring many manufacturing operations. 

With this complex environment Rolls-Royce 
has tended to regard anything approaching 
complete integration of data processing as a 
five- or ten-year project to be achieved by 
taking one application at a time, regarding it 
as a building block, and planning it as a dis- 
crete job but bearing in mind how it will 
eventually fit into the over-all pattern. 

One job was an analysis of aero-engine 
spares sales which was used to relieve the 
inventory accounts and to give an analysis of 
the margins obtained in the various categories 
of sales 

Control by exception, made possible by the 
computer, gives the cost accountant informa 
tion on cost trends and margins 

Other applications for the computer 
services machines cover aero engine con 
sumable stores, central stores serving sub- 
stores, classified pricing, the provisioning of 
spares, the finished parts portion of annual 
stock-taking and costing applications 

The scheduling of engine parts which will be 
required to build an engine is worked on the 
650 with magnetic tape units. A_ specified 
engine building programme is planned for 
twenty months ahead and so by using a master 
file of engine parts on magnetic tape the com- 
puter can be made to print ‘on-line’ the 
individual parts requirements for the period, 
with the effect of engineering changes included 
at the same time. This demand gives the basis 
for the assessment of raw materials needed. 

The aims are to reduce stocks of material 
and finished parts: to increase the efficiency 
and utilisation of productive capacity; and to 
provide the company management with con 
densed data enabling them to retain tight and 
positive control of an organisation which has 
been daily growing in size and complexity. 

The reward to be gained by cutting physical 
inventory by even a_ small percentage is 
sufficient incentive to overcome all the many 
difficulties encountered in applying computine 
machinery to this type of work. 











optimum configuration can then be designed, built 
and tested. 

As with work carried out on the compressor, 
the computer makes a large contribution to the 
design and development of all the other major 
components of a jet engine. 


DIGITAL SIMULATION 

Over-all compressor characteristics with all the 
other engine component characteristics obtained 
from analyses of test results are then channelled 
through a class of programmes which come under 
the heading of performance synthesis calculations. 


These achieve their object by digital simulation of 


the aero-engine within the computer on a scale 
that would be impossible in current analogue 
computers. 

The simulation is not achieved by representing 
the engine system by a mathematical or electrical 
model but more directly by representing each of the 
components which contribute to the performance 
of the engine by the appropriate set of component 
characteristics. 

The advantages are obvious. Any representa- 
tion of a complicated engine system by a mathe- 
matical model or electrical analogy requires a very 
highly developed sense of discrimination and 
engineering intuition, and even when undertaken 
by an experienced engineer it is often difficult to 
determine just how close the analogy is to the 
actual physical system. Often assumptions made 
to obtain a reasonable model discount phenomena 
the engineer is trying to represent. 


The simulation of an engine by representing each 
component by its set of characteristics, obtained 
by analysis of actual tests, does not require this 
type of discrimination. 


CARPETS OF CURVES 

Some of the component characteristics are 
functions of more than one variable which are 
usually represented for human assimilation by 
‘carpets’ of curves. The carpets are presented to 
the computer as a matrix of points consisting of 
the intersection points of the families of curves. 

The edges of the carpets are far from regular and 
the shape of the boundaries of the carpets varies 
considerably between components and engines 
The computer subroutines used for reading and 
interpolating the carpets must therefore be com- 
pletely general. The computer usually determines 
a point within a carpet by performing a four-point 
interpolation in two directions, adopting special 
procedures when proximity to a carpet boundary 
is sensed. 

The method determines the performance of the 
engine at any desired condition by, in effect, 
balancing various parameters throughout the 
engine by convergence techniques in which con- 
vergence loops within convergence loops are 
involved. Convergence is extremely sensitive and 
for various reasons reasonable convergence neces- 
sitates four-point interpolation. 

These programmes are of immense value, and 
the company’s technicians are constantly striving 
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to improve them and increase their scope 

Present efforts are devoted to (a) representing 
the component characteristics by surfaces for which 
engineers are trying to find polynomials of mini- 
mum order consistent with the accuracy required 
and (b) using current performance synthesis 
programmes, suitably modified for the surface 
fittings, within a non-linear optimisation scheme 
which is being developed. 

The company are still very much at the beginning 
of this advancement in technique but the rewards 
for success are likely to be so enormous as to more 
than justify the research effort they are putting into 
it. 

The pre-build performance synthesis _ pro- 
grammes, then, permit a better assessment of the 
eventual engine performance under a variety of 
working conditions. When the prototype engine 
has run on the test beds the measurements can be 
compared against those obtained by the computer 
programme and factors can be introduced which 
will enable the computer to produce answers which 
are absolutely, as well as relatively, correct. 


ECONOMIES ACHIEVED 

These programmes are used throughout the life 
of the engine to obtain a first assessment of ideas 
for improvements to the engine performance. 
Their importance cannot be over-emphasised, for 
their application has frequently enabled evaluation 
of a volume of possibilities that would not be 
possible by designing and making hardware owing 
to the prohibitive amount of time and money 
involved. These programmes have even on occa- 
sion saved a whole design and development 
programme by suggesting an alteration to an 
engine configuration that was relatively simple to 
incorporate but not obvious by conventional 
methods. 

This is a perfect example of computers making a 
direct contribution to the technical quality of a 
product in addition to making large savings in the 
cost and time of design and development. 

They also achieve the aim of relieving qualified 
technicians and engineers to perform the work for 
which they were recruited—that is, to apply their 
skills and experience to achieving a better product 
rather than to spend a large proportion of their 
time operating slide rules and desk calculators in 
repetitive though necessary calculation. 

In fact the computing service assists nearly all 
technical departments of the aero-engine division 
as well as its commercial and production depart- 
ments. It analyses the test running of engines in 
ground test cells, in the company’s high-altitude 
test facility and in actual aircraft. It produces 
data for the performance folders for distribution to 
airframe manufacturers who are potential or actual 
customers for the engines. It provides details of 
performance of aircraft with the engines installed 
for many and varied flight operations. 

But the computer office is already looking further 
afield, notably to process control and to more 
sophisticated computer procedures, which will be 
described in a further article. 
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AMERICAN REPORT 


by Research Department, John Diebold and Associates, New York 


DEVELOPMENITS IN 
AUTOMATIC 
PROGRAMMING 


Writing programmes for electronic computers is a significantly large part of the task of making 
these machines produce results, and both manufacturers and users are continually searching for 


ways to simplify this iob. 
language far different from our own. 


The basic problem is that computers have to be instructed in a 
Machine languages are detailed and specific, and writing 


a computer programme in machine language is very detailed work: programming normally 


requires technically trained people. 


Consequently the programming effort to get a data 


processing system on stream is very great in both time and expense. 


EVELOPMENTS in the area of automatic 
programming have already helped to elimin- 


ate some of the more detailed chores of pro- 
gramming, and current developments indicate that 
even greater assistance and simplifications in pro- 
gramming are imminent. 

Automatic programming is a means of bridging 
the gap between the language of a computer and 
our own and comprises three basic areas: the input, 
the translator and the machine language pro- 
gramme. There are many levels of automatic 
programming and the farther the input language 
and the machine language depart from each other, 
the more powerful the automatic programming 
system becomes 

The input is the automatic programming 
language which is used for writing the instructions 
forthe computer. At the lowest level this language 
is very close to machine language. It may include 
alphabetic rather than numeric codes for machine 
operations, i.e. ‘Add’ instead of ‘64. At the 
highest level, this language may be an English 
sentence such as ‘Compute gross pay and deduct 
taxes.” A sentence of this type would start off a 
large number of machine operations. Research is 
now in progress for developing a common language 
which might be used for programming all compu- 
ters. 


TRANSLATOR PROGRAMMES 
Ihe second area of automatic programming is 
concerned with translator programmes. The 


translator 4s the programme which must be stored 
within the computer to accept a simplified input 
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language. It becomes the interpreter of the input 
language and the assembler of the machine language 
programme. In some cases it is merely an inter- 
preter (each input instruction is executed immedi- 
ately) without the assembly function (which pro- 
duces a complete machine programme). This 
translator programme must, of course, be written 
in machine language. To date, it is this area of the 
automatic programming which has _ produced 
difficulties. This is particularly true in_ the 
development of translators for business application 
languages. 

The third area, the machine language programme, 
may or may not be developed as a tangible product. 
For programmes which are to be run over and over 
again, it is desirable to produce the complete 
detailed machine programme. This programme is 
then stored on magnetic tape or punched cards and 
called upon when needed. The process of trans- 
lating the input language into a machine language 
programme is a non-productive use of machine 
time; however, as the programming time saved by 
this operation can be great, the machine time spent 
can usually be justified. Once the programme 
has been compiled, the process need not be repeated 
until changes in the programme are required. 

Although it is conceivable that programmer 
training can be reduced with automatic program- 
ming techniques, it will still be necessary to have 
some people familiar with machine language 
programming. These people will be corc2rned 
mainly with the third area of automatic program- 
ming. They must be available to verify and alter 
machine language programmes when necessary. 
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AUTOMATIC PROGRAMMING 
LANGUAGES 

The first step in the field of automatic pro- 
gramming was the use of subroutines for functions 
common to many problems. Mathematicians 
became tired of rewriting the same series of steps 
over and over in many programmes. Instead of 
rewriting them every time, they developed general 
routines which, when supplied with the parameters 
of a problem, could be used with many programmes. 
These subroutines were first written in straight 
machine language, and the programmer had to 
provide a branch from the main programme to the 
subroutine for its execution. The main problem 
which appeared was that it was not always con- 
venient to store the subroutine in the same place in 
every programme. It became advantageous to be 
able to locate these routines in various places in 
storage depending on the storage allocations of a 
particular problem. The subroutines were then 
written using a relative addressing scheme. A 
simple programme could locate the subroutines by 
making the storage addresses actual machine 


addresses where necessary. 


RELATIVE ADDRESSING 


Beyond the use of relative addressing for sub- 
routines, this technique has been expanded for use 
in the writing of entire programmes. Assigning 
addresses to every step of a large programme is 
very detailed work; the insertion and deletion of 
steps during the process of writing programmes 
becomes a great problem; and, if more than one 
person or group works on the problem, co-ordi- 
nation is very difficult. Relative addressing simply 
makes it possible for a programmer to write a 
section of a programme without a_ particular 
storage area assignment. Very large problems can 
be broken down into logical sections. Each of 
these sections can be programmed independently, 
using relative addresses. In this simple scheme, 
all instructions would be written in machine 
language so that conversion to a complete machine 
language programme would only involve the 
assigning of machine addresses. 


SYMBOLIC CODING 

The simplest example of the use of symbolic 
coding is the use of mnemonic codes for the machine 
operations. Normally operations in machine lan- 
guage are numbers. A ‘00° may mean ‘stop’; a ‘24 
may mean ‘read an input card, etc. It is easier to 
write programmes using alphabetical codes (because 
these are more understandable to the programmer 
than the number codes). Once a translator pro- 
gramme is written for accepting (or rather interpret- 
ing) these codes (on input to the computer) they can 
be used for all programmes. 

An extension of the relative addressing scheme 
uses symbols for areas of storage. Rather than 
using straight numbers for addressing, one area 
may be designated as area C, with each different 
reference to the area numbered, such as Cl, C2. 
C3. Another area may be R for records, and O 
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for output area and | for input area. Such coding 
simply makes it easier for the programmer to keep 
track of his work. Programmes written for 
accepting this type of programme language are 
fairly simple since there is one for one relationship 
between the input language instructions and the 
m. chine language instructions. 


MACRO INSTRUCTIONS 

The next level in automatic programming is the 
use of macro instructions. These are instructions 
used by the programmer which may call for a 
series of machine steps. It is as if each macro 
instruction calls for a small subroutine. These 
‘subroutines’ are usually of a general type so that 
the macro instruction will provide the necessary 
parameters for the particular problem involved. 
An example of a macro instruction is ‘sort’. For 
the computer to execute this instruction, it must 
know what type of data is to be sorted and where 
the key code or word is to be found. With this 
information supplied by the subroutine, it can 
perform the function. The use of these macro 
instructions for programming the computer relieves 
the programmer of writing down all the detailed 
steps necessary to perform these functions. The 
translator programme stored in the computer for 
processing this input language will combine all the 
subroutines called for into a complete machine 
language programme. 

It should be mentioned that it is quite possible 
to build a machine which accepts macro-type 
instructions directly. In fact, there are such 
machines in use at present. In this case the mach- 
ine command list is not so lengthy as other mach- 
ines; however, each instruction available is quite 
powerful and will do a large unit of work. The 
argument against this type of machine is that its 
programmes are not as efficient as on a machine 
which provides minute functions in each command. 
It is felt that the tailor-made programmes can do 
the job more efficiently. In spite of this fact, the 
trend seems to be toward the use of macro instruc- 
tions, English language programming and a 
common language for the future. The argument 
of programme efficiency is being overcome, first 
by improved automatic programming techniques, 
and then by the mere fact that it is more efficient 
to have the machine take on some of the program- 
ming work rather than having people spend such 
great lengths of time on the detailed and tedious 
functions of coding. 


PROBLEM-ORIENTED LANGUAGES 

A problem-oriented language for programming 
computers is one that is designed to relate to the 
type of application involved rather than to a par- 
ticular computer's instruction logic. For instance, 
a language widely used at present is Fortran. This 
language is designed for scientific applications 
its instructions are expressed in mathematical 
language. The language was first used with the 
IBM 704. The basic theory behind thg design of 
this type of language is that programmes written 


AUTOMATIC DATA PROCESSING 





in Fortran can be used directly on other machines, 
the only requirement being that a_ translator 
programme should be written for each computer. 
IBM has provided these translator programmes 
for the 709 and the tape 650. In the near future 
they expect to have a translator available for 
the 705 as well. Other manufacturers are also 
writing translators for their computers so that 
programmes written in Fortran language can 
be used directly on their machines. 

The LGP-30, a small-scale computer which is 
generally used for scientific applications, has an 
automatic programming system called SPEED. 
Its input language is oriented to mathematical 
expressions. Thus, it is not only the large scale 
computers which can benefit from automatic coding 
techniques. 

The design and use of a scientific problem- 
oriented language is much simpler than a business 
language. Scientific problems and statements are 
clearly defined and can usually be expressed more 
precisely than business data processing statements. 
Scientific languages have in fact been in use since 


* COMMERCIAL TRANSLATOR 


THE develooment of a computer language 
similar to IBM’s Fortran but for com- 
mercial use was handicapped by the lack 
of a standard business terminology. IBM 
research first concentrated on an analysis 
of a large number of commercial problems 
already being processed by electronic 
computers. As a result of this analysis 
they were able to construct a language in 
which these problems could be stated in 
terms of 15 basic computer functions 
(arithmetic, logical decision making, edit- 
ing and other data handling operations). 
This language, called Commercial 
Translator, consists of normal English 
words which will be converted inside the 
computer into detailed machine instruc- 
tions. It can be used with the larger 
existing IBM computers, and will be com- 
patible with future IBM computers. 


Commercial Translator is so like 
normal English that a person completely 
unfamiliar with computer programminy 
can be trained to use it in a matter of 
days, merely by learning a few rules 
of vocabulary, sentence formation, use of 
suffixes and punctuation. 


The great reduction in the length of 
programs should mean substantial econo- 


mies in programming and debugging 
time, and should make it possible te pro- 
gram the production of specia! reports in 
a fraction of the time formerly necessary. 
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1956 on Remington Rand’s Univac computers and 
since 1957 in the case of Fortran, whereas business 
languages are just beginning to come into use. 

One of the earliest English language (business- 
oriented) programming systems was designed by 
Remington Rand in 1956. This language is 
called Flowmatic. Parts of this system are now in 
use in several Univac | and II installations. A 
complete Flowmatic system is expected to be 
available for their Univac Solid-State Computer 
in the near future. IBM have recently announced 
their version of an English language programming 
system. It is called Commercial Translator*. 
The details of the language itself have been defined 
so that users can start programming in the system. 
Translators for the 7070, 705 III and 709 are 
expected to be available in approximately two 
years. There is a great deal of research and 
activity in this field of English language prograrm- 
ming, but it is still in the experimental stages. 
Improvements in the hardware itself and more 
experience with the techniques of automatic 
programming are bringing the use of these 
languages closer to reality. 
COMMON LANGUAGE FOR 
PROGRAMMING 

It can be surmised that the possibility for a 
common programming language for all computers 
is not too far fetched. There is a need for com- 
patibility between machines, particularly where one 
company or a government is using several different 
types of equipment, developed by different manu- 
facturers. The design of such a language is a 
great undertaking and requires the co-operation of 
both manufacturers and users of the equipment. 
A project has been set up under the Department of 
Defence for the development of specifications for a 
problem-oriented but machine-independent com- 
mon language for business problems. The Data 
Systems Research Staff convened a meeting of 40 
representatives of manufacturers, consultants and 
users last May, during which the matter was 
discussed and the project was deemed feasible. An 
executive committee later set up a plan of attack 
and the first phase of analysing current English 
language systems and developing an interim 
common language was scheduled for completion 
early in September of this year. The next phase, a 
direct extension of the first, is to develop a more 
comprehensive and workable language which will 
be able to define properly and completely any 
business problem. It must also be possible to 
apply this language to any equipment with an 
appropriate translator for the particular computer 
involved. The long range aim of this project is the 
development of an ultimate or universal computer 
language which will combine both the scientific and 
the business languages into an all-encompassing 
system. 
AUTOMATIC PROGRAMMING 
PROGRAMMES 

The programmes or translators which must be 
written to accept the various input languages 
described above vary in functions depending on 
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the type of language they are designed to translate. 


ASSEMBLERS 

Going back to the relative addressing systems, 
it is possible to write entire programmes without 
assigning machine addresses to each instruction. 
These programmes will be written in machine 
language as far as instructions are concerned, but 
are not complete as far as storage location is 
concerned. In order to use relative addressing, 
there must be a programme written for the compu- 
ter so that the computer can accept this incomplete 
programme. Such a programme which instructs a 
computer on where to put the relative addressed 
programme is usually called an assembler. It 
assigns locations to the various sections of the 
programme, so that when the completed pro- 
gramme is used, it will refer to itself in the correct 
places by actual address and it will be stored in the 
required logical sequence for execution. Once an 
assembler is written, any number of relative coded 
programmes can be fed into the computer under 
control of the assembler. The computer will 
produce a complete programme in the computer 
which can be recorded on paper tape, punched 
cards or magnetic tape. Subsequent use of the 
completed programme will not need the assembly 
process. 

Almost all the medium and large-scale computers 
in use in the United States have assembler pro- 
grammes written for them. In many cases they 
are written by the programming staff of the manu- 
facturer. Others are written by users themselves 
and become available to other users of that 
equipment through user organisations. 


OPTIMUM LOCATIONS 

Assemblers of this type are particularly useful 
in the drum computers. Normally a computer 
using a magnetic drum for programme storage can 
operate more efficiently if its programme is located 
in optimum locations (from a timing point of view). 
Often this is a tedious operation for the programmer 
to perform by hand. There are a number of 
systems in general use for assembling and optimi- 
sing programmes. An example is POGO (Pro- 
gramme Optimizer for G-15 Operation), used on 
the Bendix G-15 computer. IBM has a similar 
programme, SOAP (Symbolic Optimum Assembly 
Programming), which automatically locates a 
programme written in the proper input format (or 
language) in optimum locations on the drum. 

Programmes such as these are in general use 
with this equipment. Many assemblers, as do 
these, go beyond the simple operation of locating 
a series of machine language instructions. They 
will accept a simple symbolic language using 
mnemonic codes and even macro instructions in 
some cases. The main function of assembler 
programmes is to relieve the programmer of the 
tedious job of assigning machine addresses to each 
of his programme steps. The programmer's 
instructions usually have a one-for-one relationship 
with the steps in the assembled programme. The 
assembler is designed to produce a complete 
machine language programme. The machine 


24 


language programme can then be used for pro- 
cessing the data of the problem the programme is 
designed to solve. 


INTERPRETERS 

An interpreter is a programme which is designed 
to recognise certain symbolic coding or macro 
instructions and translate them into machine 
language instructions. These machine language 
instructions are then executed immediately. A 
machine language programme is never produced 
as a complete unit. Rather, the problem data is 
available at the same time as the interpreter is 
translating and executing the input programme. 
In other words, the problem is solved during the 
interpreting run. 

Programmes of this type do not make the most 
economic use of time since all the interpretative 
instructions must be executed every time a problem 
is to be solved. An assembler, on the other hand. 
produces a complete machine programme which 
can be used over and over again without repeating 
the assembly process. Because of their inefficiency. 
the use of interpretative routines will probably 
diminish in the future. 


COMPILERS 

Although compilers perform basically the same 
functions as assemblers, the compilers are usually 
considered more powerful. Compilers will gather 
a group of machine instructions in an orderly list 
according to the input instructions provided to the 
computers; it will then assemble these instructions 
into a machine language programme and _ locate 
them using actual machine addresses. The output 
of the compiling run therefore is a complete 
machine programme ready to be used with the 
problem data for solving the particular problem 
involved. 

Whereas the assembler normally has a one-for- 
one relationship between the input programme and 
the machine language programme, the compiler 
will usually perform some translation and expan- 
sion functions. For instance, it may be instructed 
to locate a library subroutine which is stored in the 
computer system and incorporate it into the main 
programme which it is assembling. In other cases 
it may generate a series of machine steps from a 
single macro instruction in the input programme. 
Compilers are therefore interpreting symbolic 
language, composing a list of the machine instruc- 
tions required, and then assembling them into a 
programme. There are a number of these systems 
in use on present-day computers. Remington 
Rand has done extensive research in the automatic 
programming field. Both Univac I and II have 
compiler programmes available. IBM’s autocoder 
for the 705 and Fortran translators for 704 are 
examples of compiler routines in use. It is this 
same type of programme which is required to 
process the problem-oriented languages. 
PROBLEM-ORIENTED LANGUAGE 
TRANSLATORS 

These programmes must perform more extensive 
functions in the translation process than the 
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programmes for machine-oriented languages. They 
not only translate the instructions themselves into 
a logical series of machine instructions, but they 
also must translate the data descriptions including 
files, inputs and outputs into machine language 
storage locations. The input to a_ business 
translator will include a series of words as instruc- 
tions and it will also include descriptions of the 
data used in the problem. The translator must 
refer to both of these inputs in order to create a 
symbolic list and also an instruction list. In the 
first phase of the translating process the instructions 
may appear as symbolic instructions. The second 
phase of this process can then be performed by a 
compiler or assembly routine. If the translator 
changes the input language instructions into 
another symbolic language which can be accepted 
by an assembly routine, then the assembly routine 
can create the machine language programme in 
another operation. The translation process of a 
problem-oriented language down to a machine 
language programme has many levels. 

The Fortran translator for the 704, for example, 
translates the Fortran language into SAP (an 
assembly system) symbols. Then the symbols are 
processed by the SAP programme in order to 
produce the final machine language programme. 
A printed listing can be obtained of both the 
symbolic or SAP steps and the final machine 
language programme. This makes it possible to 
modify a programme at the SAP level. If such 


changes can be made at that level, it eliminates the 
need of rerunning the translation process. 
the assembly step need be taken again. 


Only 
Such 
changes are nevertheless quite involved. There 
are more workable systems as far as changes are 
concerned which put out the intermediate listings 
of the assembly operation itself. Modification 
cards can be inserted at this level much more 
easily than at the higher level, and only the very 
last stage of actual machine language assembly is 
necessary to include the modifications. The pro- 
grammer can still make these modifications in a 
symbolic language. 


PROBLEMS OF AUTOMATIC 
PROGRAMMING METHODS 

Although there are some very great advantages 
to the use of automatic programming methods, 
there are some problems to be considered. In 
installations where the major part of the pro- 
gramming job can be performed in the automatic 
coding language, there is still the need for machine 
language experts. In many cases the debugging 


of a programme will require the understanding of 


the machine language itself. Minor changes in a 
programme can often be handled more efficiently 
on the machine language programme rather than 
rerunning the entire assembly process. Because 
the development of the translators, assemblers and 
compilers has been such a major undertaking, they 
have not always been ready for use with the 
machines when the machines are delivered. There- 
fore a considerable amount of straight machine 
language programming is necessary before the 
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necessary automatic 
become available. 

Another drawback of automatic programming its 
the high cost of its development. Although great 
savings in programmer time can be gained from 
their use, the initial investment is very high. To 
date this has been borne mainly by the manufac- 
turers of the equipment, nevertheless it undoubtedly 
shows up in the cost of the equipment. 

As far as the future is concerned, the problem 
facing the research staffs in the common language 
development area is the difficulty in designing an 
all-inclusive language. This is proving difficult 
with the business languages, but when one considers 
a language common to all problem areas it seems 
that this language might become too unwieldy. 
A more reasonable approach might be the develop- 
ment of a number of languages. Each would be 
used for its own problem area and each would 
require a computer routine to define it and translate 
it to a general compiler routine in the computer. 


BENEFITS OF AUTOMATIC 
PROGRAMMING 

The greatest benefit derived from the use of these 
techniques is the reduction in the time required 
to get a problem on the computer. The actual 
programming is performed much faster; debugging 
time is reduced because the use of simplified 
languages reduces the chance of error. Once a 
problem has been programmed, the job of modify- 
ing the programme is usually simpler in automatic 
programming systems than in straight machine 
language programming. Another compiling run 
may be required to process the modifications: 
however, the over-all time for modification will 
usually be reduced. 

It has been found that extensive use of automatic 
programming methods can lower the requirements 
for programmers on the staff. Although there is 
need for personnel trained in the machine language, 
it is not necessary for all programmers to be 
familiar with the details of machine coding. 
Training for the major part of the programming 
staff can therefore be reduced. 

In looking ahead, a significant benefit which will 
be derived from the use of the problem-oriented 
languages will be the inter-machine compatibility. 
Programmes which are written in a language 
relating to the problem only, with no connection 
to a particular machine, will be able to be used 
directly on new computer models or existing models 
of equipment built by different manufacturers. 
The requirement for a translator for the different 
computer models will still remain. In the not too 
distant future, however, it is contemplated that 
given a set of significant characteristics of another 
machine, a computer should be able to write a 
machine language programme for the other machine 
as well as for itself. Thus once the cycle is started. 
the only job the programmers will have is to define 
new machines and set up definitions of modifica- 
tions in the input languages as the needs occar. 
The development of such an elaborate automatic 
programming system is by no means fanciful. 


2s 


programming programmes 





Names and Notes 


The Swing to Computers 


ONE section of society which last month never had 
it so good were the psephologists and kindred 
Statistical experts. Thanks to them—and Jules 
Feiffer—last month’s electoral auction may be 
remembered as the Computer Election. 

This was, as one computer company spokesman 
put it, ‘the first widespread use of computers to 
predict election results.” Six computers were hired 
for this purpose for the night of 8 October by the 
Press—Associated Newspapers, The Financia! 
Times, The Guardian and Reuters—and by BBC 
Television and Independent Television News. A 
Financial Times report estimated the cost of pro- 
gramming and hiring these machines at £6,000 to 
£8,000 with the total cost of the exercise (which 
included some special equipment for at least two 
clients) at £40,000. 

At present the psephologists who managed to 
persuade the newspapers and TV bodies to hire 
computer time must be congratulating themselves. 
for even though the computer has gleaned most 
of the kudos, the psephologists have had a quieter 
success: they have seen their statistical techniques 
vindicated, while laborious calculations have been 
eagerly snatched away from them, and, generally 
speaking, worked out not once but at least six 
times over within 24 hours. 

The statistical techniques that have been vindi- 
cated are the *‘ median swing’ and, to a smaller 
extent because it was used less extensively, the 
‘cube rule.’ 

Swing is a simple enough concept. Past 
elections have shown a party’s share of the poll, 
compared from one election to the next, varies 
fairly uniformly throughout the country. With 
only a handful of constituency results in, it is 
possible to work out a party’s percentage of the 
poll, compare it with its percentage for all votes 
cast at the previous general election, and establish 
the shift or swing. This, as a percentage figure, 
can be applied to all constituencies, especially the 
marginal ones—updating the voting figures, as it 
were—and a prediction of the distribution of seats 
can then be made. 

There are, of course, a number of factors which 
have to be taken into account, such as the number 
of people who actually vote as against those who 
are entitled to, and the likely effect of an 
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additional candidate in previously straight-fight 
constituencies. 

The computer programmes written to perform 
swing calculations differed slightly in the emphasis 
given to these various factors, which probably 
accounts for the marginal differences in predic- 
tions that the computers gave. For swing calcu- 
lations, all the computer operations involved, first 
storing the results of the 1955 General Election 
on magnetic drums, and thereafter advising the 
machines of the numerical results of each con- 
stituency as they were made known. After about 
eight results most of the machines began comput- 
ing predictions. 


The Cube Rule 


The cube rule technique differs from swing in 
that it does not directly depend on the results of a 
previous election. In essence, it is a mathematical 
rule, empirically derived and expressed as a 
formula (see box). It has the drawback of not 
being very accurate when worked out on a sparse 
number of constituency results. During the 
October election it was exclusively used to check 
on predictions produced with median 
programmes. 

For Independent Television News, for example, 
it was programmed for English Electric’s Deuce 
computer at Stafford to provide predictions com- 
parable with those obtained with the median swing 
programme. 

At IBM’s data processing centre in Wigmore 
Street, swing and cube rule techniques were also 
applied—on behalf of Associated Newspapers Ltd 
The swing programme written for the centre’s 650 
computer considered a variety of swings: two-way 
(Conservative and Labour), three-way (including 
Liberal) and four-way (including others) where 
candidates standing in 1959 were of the same 
parties as in 1955. Liberal interventions or with- 
drawals (in contrast with 1955) involved furthei 
calculations, whereby the percentage changes in 
Conservative and Labour votes were accumulated 
and applied to all other marginal interventions 
and withdrawals. 

In addition to the swing calculations—and pre- 
dictions—procured on the 650, an_ electronic 
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CUBE RULE FORMULA 


(as employed by IBM) 


The simple cube rule employs the following 
equation 


no. of Labour votes 

no. of Conservative votes 
no. of Labour seats 

no. of seats shared between 
Labour and Conservative 
parties (this must be pre- 
determined) 


It is known from 1950, 195! and 1955 elections 
that there is a nearly linear relationship between 
the turnout (T) (defined as the ratio of number 
voting to number on Register) and the propor- 
tion by which Labour votes must be reduced 
for the cube rule to work exactly (Y). In 
estimating Y the following equation, based on 
observations in 1950, 1951 and 1955 elections, 
was used before applying the cube rule 

Y 64 T — 48.8 
where T Turnout 
and Y Percentage by which Labour 
votes must be reduced for 
cube rule to work 











calculator, also programmed to record swing, was 
used to process the results of marginal seats only, 
and to produce seat-distribution predictions in 
parallel with those of the 650. Surprisingly, the 


parallel predictions were remarkably consistent, 
possibly scotching the view that voting in marginal 


constituencies, where electors’ votes had an 
enhanced value, would show a different trend 
from that of the rest of the country. At 1.30 a.m 
on October 9, for example, with 322 results in, 
the forecasts were: 

IBM 650 IBM 604 Calculator 

Conservative 363 361 

Labour 256 259 

Liberal 8 8 

Others 3 2 

BBC-Television not only hired time on a 

National-Elliott 402F machine, but in fact brought 
the machine into their Lime Grove studios and 
rechristened the computer ‘Filla. It was used 
continually on election night to give total figures 
of votes cast as against the theoretical maximum, 
the change in voting turnover as compared with 
1955; and Conservative, Labour, Liberal and 
others’ votes as percentages of the total votes cast. 
It also held in its drum memory the results of the 
1955 election to enable it to calculate three sets 
of swings: 

(1) Average swing to the Conservatives in 
straight-fight (Conservative and Labour) 
constituencies; 

(2) Average swing to the Conservatives in other 
constituencies: 
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(3) Average swing to the Liberals in constitu- 

encies with Liberal candidates standing. 

In addition, reports were obtained on key geo- 
graphical areas, total seats won, selected rural 
seats and marginal Conservative and Labour 
seats. Ella was not, however, used to make any 
predictions on the composition of the new House. 


Special Equipment 


To get information into and out of the com- 
puter in the form in which the BBC required it, 
Elliott Brothers had to develop some special 
equipment. To feed the machine with results, 
paper tape readers were dispensed with; instead, 
two standard typewriters with electrical contacts 
beneath the keys were used: information for Ella 
was typed simultaneously on both typewriters and 
the computer was programmed to check that the 
signals were identical from both keyboard 
machines before performing any calculations. 

For the computer's results, the BBC required, 
in addition to conventional output printing, visual 
output equipment; and a panel capable of dis- 
playing variable information electrically was 
devised. 

The panel was a novel development, which 
works in this way: behind each of a series of small 
windows there is a pack of 10 Perspex sheets 
Each sheet has a digit engraved on its face and 
can be illuminated from the side by a tiny electric 
bulb. Any digit can be picked out by switching 
on the appropriate bulb. The light from this is 
reflected by the edges of the engraving, while the 
other unlit Perspex sheets in the pack remain 
transparent 

ICT put their 1201 computer at their Hertford 
Street centre at the disposal of Reuter’s. Again. 
according to requirements set out by Reuter’s chief 
Statistician, predictions were obtained from the 
computer throughout election night. Reuter’s, in 
fact, were able to issue in their world service as 
early as 10.16 p.m. (nearly three-quarters of an 
hour before Labour lost a seat) a fairly firm pre- 
diction that the Conservatives would be returned 
to power with an increased majority 

On behalf of The Guardian, Ferranti also burnt 
the midnight oil on election night at their Portland 
Place computer centre. There the centre's 
Pegasus machine was again used to work out 
swing calculations as soon as the results became 
available, and these—and the predictions made 
were then checked on the smaller Sirius computer. 
The Pegasus programme checked on four types of 
swing: 

(1) Straight fights (Conservative and Labour) in 

both 1955 and 1959; 
(2) Straight fights in 1955 but with Liberals 
standing in 1959; 
(3) Straight fights in 
Liberals in 1955; 
(4) Three-cornered fights in both elections. 
As a further refinement, an estimate of the bias 
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1959 but contested by 





in favour of sitting members was computed as 
results were declared, and applied to the remain- 
ing constituencies. 

What conclusions may be drawn from this 
abundance of computing? One computer com- 
pany has stated that the first computer predictions 
(and, of course, the final result!) demonstrated that 
the opinion polls were * accurate to a point that 
people were disinclined at first to admit.’ The 
point here is that the prediction techniques of the 
psephologists are also used in connection with 
sample results collected during opinion surveys. 

However, possibly The Guardian put the rdle 
of computers in an election into perspective when 
its Scientific Correspondent wrote in connection 
with his paper's collaboration with Ferranti: 

It should be emphasised that this experiment is not 
a token of faith in the notion that a poll of public 
opinion and a computer are an adequate substitute 
for the British electoral system, or even that the use 
of a computer can represent voting as a ritual which 
is mechanical in nature. Rather the reverse is true. 
With the help of the . . . computer .. . it is hoped 
to provide more quickly and accurately than would 
otherwise be possible an understanding of the way 
in which voting behaviour from one constituency to 
another conspires to produce the final result. 


Cutting out Cash? 

* ELECTRONIC computer technology and a universal 
credit card system may make it possible to eliminate 
business transactions by cash or cheque in the 
future "—that is the view of STANLEY M HUMPHREY, 
a partner in Booz, Allen and Hamilton, the 
American consultancy firm. 

He envisages the possibility of replacing the 
present cash system with a truly universal credit 
card system. 

He told a recent conference of Bendix computer 
users that once technological feasibility has been 
established it must be followed by a long and 
arduous educational process to change the thinking 
of people to the point where they are willing to 
replace the old with the new. 

Computer technology would make it possible to 
handle automatically transactions at shopping 
centres, utilities, hotels, and public transportation 
offices, merely by the customer's insertion of a 
universal credit card. Even income taxes would 
fall in the electronic do-it-all hopper, since company 
payrolls would be compiled on magnetic tape and 
transmitted to employees’ accounts at national 
or central-type—banks all of which would have 
data transmission equipment. 

Both billing and paying would be accomplished 


automatically without any personal exchange of 


money on the part of the customer. Itemised 
statements would keep him abreast of his financial 
transactions. 

Of course, not all income and payments could 
be handled in this way: transactions between 
individuals such as payments of lawyers’ or 
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doctors’ fees, and other *‘ low volume * transactions 
would not be mechanised through the recording 
devices. 

However, Mr HUMPHREY pointed out, * almost 
every individual does have access to a device which 
could be used for sending information to the central 
bank’s data processor—the dial telephone. So by 


using dialling codes for small transactions, the use 
of cash might be relegated to a very small area 
* petty purchases, bribes and gambling debts. . . 


Standard-Triumph Order 


Tue Standard Triumph International Organisation 
has ordered a Leo * automatic office * which should 
be in operation by the summer of 1960. 

The equipment ordered includes a large tran- 
sistorised magnetic core storage, magnetic tapes 
and high speed printers. 

The computer’s initial task will be connected 
with the control and supply of materials, prefacing 
eventual work in connection with production 
scheduling and production control. 

Standard-Triumph’s office will also take on work 
for outside organisations on a contractual basis. 


Computer on Wall Street 


THe American stockbroking firm Bache and Co 

one of the world’s largest brokerage houses—is 
leasing an IBM 705 model III computer to 
handle its growing volume of stock transactions. 
With more than 12 million Americans currently 
investing in the market, all Wall Street faces the 
problem of handling a growing volume of informa- 
tion. Bache’s machine will enable the company 
to complete paperwork connected with some 6,500 
daily trades in 12 hours—slicing the paperwork 
time lag by half. 

In addition to handling 780 trades a minute. 
the computer will maintain stock records, perform 
margin and bookkeeping operations and prepare 
monthly customer statements. The data pro- 
cessing system will also enable Bache and Co to 
speed up the preparation of customer portfolio 
analyses. 


US Retailers leok into ADP 


STIMULATED possibly by the highly constructive 
results achieved by the American banking industry 
in its move to mechanise cheque handling, the 
retailing industry has launched a similar co-opera- 
tive programme to take advantage of developments 
in magnetic ink character recognition. 

For ordering merchandise, advertising, selling. 
delivering and billing, American stores use paper 
forms by the thousand. Now through a research 
subcommittee of the electronics committee of the 
Retail Research Institute, National Retail 
Merchants Association, the industry is working on 
standards that will make possible the economic use 
of the scanning equipment which will read Arabic 
numerals and convert them into machine language 
for use in data processing systems. 
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Continuing our policy of publishing comprehensive 


descriptions of current data processing systems, we present 


this month an account of the Burroughs 220. 
Owing to lack of space it has been necessary to 


abbreviate the article and in particular to omit 


details of the Dataprinter output and of automatic 


coding routines developed by Burroughs technicians 


THE BURROUGHS 220 
COMPUTER SYSTEM 


described by W A FREYENFELD Burroughs Adding Machine Ltd 


HE Burroughs Corporation entered the 
field of electronic computers in 1950 when 
it built the UDEC system for Wayne Uni- 
versity in Michigan. Today the Corporation is 
the second largest manufacturer of computers in 
the world, and the range of its products covers a 
wide variety of business, scientific and military 
applications. Burroughs defence products include 
guidance systems for ICBM’s; controlling and 
co-ordinating systems for anti-aircraft and anti- 
missile weapons; meteorogical computers for the 
US Air Force: and many other secret devices. 
Naturally, the development of these products 
entails a great deal of basic research, and the 
benefit of this is also applied to the business and 
scientific fields of product application. In addition, 
a great deal of fundamental research is devoted 
exclusively to these fields, and the results of this 
combined effort are reflected in the range and 
quality of the products available to the commercial 
user. 
Currently Burroughs are marketing three distinct 
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computing systems: the E.101, a desk-size scientific 
and statistical machine; the 205 (or DATATRON), 
a powerful medium-sized general-purpose system: 
and the Burroughs 220, which is described in detail 
in this article 


GENERAL DESCRIPTION 
The Burroughs 220 computer system ts partially 
transistorised, utilises ferrite core storage and 
incorporates such sophisticated concepts as partial 
word field operation or variable block length 
magnetic tape operation 
A comprehensive 220 system consists of five 
component portions, namely: 
(1) A central data-processor. 
(2) A basic input-output system, using paper 
tapes or typewriters for output. 
(3) A CARDATRON controlled input-out- 
put system, capable of station selection and 
interrogation, and punched cards or on-line 
tabulators for output. 
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(4) A comprehensive magnetic tape system, 
utilising addressable tapes with variable block 
lengths, and capable of station selection and 
interrogation, and of buffered bi-directional 
tape-search operations. 

high-speed 


(5) A very DATAPRINTER, 


usable either on-line or off-line: and capable of 


interrogation, editing, tape merging and 


independent storage of static information. 


In addition to these five components, Burroughs 
are in an advanced stage of development of an input 
device which can link the 220 directly with magnetic 
ink character encoded documents. 


THE CENTRAL DATA PROCESSOR 

The heart of the 220 is a Core Storage Device 
consisting of from 2,000 to 10,000 words. Using 
a binary-coded decimal number base and with a 
word length of 10 digits and a sign, there is thus a 
honeycomb of up to 440,000 ferrite cores at the 
centre of the system. 

Arithmetic operation. is fast: add-time, for 
example, is 185 microseconds including access; 
and all operations may be performed in either 
fixed point or floating point mode. 

The command structure is very powerful, 
particularly in its multitudinous branching facilities. 
Branching may result from any of the following 
conditions: 

(1) arithmetic overflow 

(2) B-register overflow 

(3) B-register underflow 

(4) two-number comparison—high 

(5) two-number comparison—low 

(6) two-number comparison—equal 
(7) two-number comparison—unequal 
(8) field comparison 
(9) field count overflow 
(10) field count underflow 
(11) control switch setting 
(12) sign digit comparison 


The power of the command structure is consider- 
ably increased by virtue of the fact that many 
operations can be performed on partial word 
fields. There is no limitation as to the number or 
position of the digits used in such operations. 

Facilities for command modification are provided 
by a ‘B’ register, which may be increased or 
decreased by any number from | to 9,999; and the 
field location increase and decrease commands 


coupled with branching facilities ensure that any of 


the 10,000 memory locations can be used as a 
pseudo-B register at any time during a programme. 

Internal sorting facilities include such factors as 
a homogeneous memory, quick access, and special 
features in the command structure—record trans- 
fer, for example. 
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Alphabetic information is specially designated. 
Having been translated automatically on input 
into a two-numerical-digit per letter code, any 
word containing alpha is also automatically 
flagged with a ‘2° digit in the sign position. This 
ensures automatic translation back to alphabetic 
form on output. 

The over-all speed of the computer is such that 
an average of over 4,000 operations per second can 
be achieved. 


BASIC INPUT AND OUTPUT 


The basic method of input on the 220 is punched 
paper tape. A seven-channel code is_ used. 
consisting of four BCD numeric channels: and 
odd parity: and two over-punch channels. 

The tape is read by a photo-electric device, which 
can operate at a speed of 1,000 characters per 
second. There are two methods of tape reading 
The first (normally used for programmatic input) 
causes tape to be read until a signal on the tape 
itself transfers control back to the computer; and, 
in so doing, designates the point at which the 
programme is to commence. The second method 
(normally used for data input) causes a specific and 
pre-determined number of words to be read from 
tape, whereafter computer control continues in 
sequence. 

Another important feature of the photo-electric 
reader is its ability to distinguish alphabetic 
information; and to translate the single-frame 
alpha characters on tape into the two digit 220 code 

Up to 10 photo-electric readers may be on-line 
to the system simultaneously. The computer itself 
will select which unit is to be activated. 

Basic output consists of a supervisory printer 
which can type at a speed of nine characters per 
second. When not required for immediate output. 
this printer can be switched to local control, and 
used to print-out the contents of paper tape 
Alphabetic information is automatically translated. 

The supervisory printer may be supplemented 
by up to 10 additional printers; the computer 
itself selecting which output station is required at 
any given time. Any or all of these additional 
printers may be replaced by a paper-tape punch. 
with an operating speed of 60 characters per second. 


CARDATRON 
The Cardatron system is a device to link the 

basic 220 with standard 80-column punched cards. 

It consists of the following five basic components: 
(1) Cardatron control. 
(2) A number of input units, linking the 
control to the reading stations. 
(3) An equal number of reading stations, 
which are modified punched card collators or 
reproducing punches. Maximum reading 
speed is 240 cards per minute at each station 
(4) A number of output units, linking the 
control stations. 
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(5) An equal number of output stations, 
which may be reproducing punches operating 
at 100 cards per minute, or modified tabulators, 
printing on-line at speeds of 150 lines per 
minute with 120 characters per line. 


The characteristics of the Cardatron system 
permit a combination of up to seven input and 
output units to be used simultaneously, in any 
combination. 

The Cardatron unit has two main functions. 
Firstly, in conjunction with the computer it will 
select which input/output unit is required at any 
one time. Secondly, it can be programmed to 


interrogate any given station as to its state of 


readiness, and to cause the computer to switch to 
an alternate programme if the selected station is 
not ready. 


Each input/output station also has two main 
functions. The first of these is to buffer informa- 
tion passing between the computer and the peri- 
pheral equipment on its buffer drum, thus permitting 
both to operate in parallel. The second function is 


to edit information passing through it. 


On input, each station has available to it six 
format bands which are written on a special 
section of the buffer drum. Five of these bands 
are accessible by means of the programme, and 
may be changed at will during the course of a 
programme. (Usually this is quite unnecessary.) 
When a card is read, a pre-determined column of 
that card will designate which of the six bands is to 
be used in conjunction with that particular card. 
The card will then be read under the control of 
this format band, which will determine for each 
column on the card whether the information 
contained thereon should be: 

(a) transferred numerically 

(b) transferred alphabetically 

(c) deleted altogether 

(d) delayed, pending the insertion of a 
number of zeros to expand the word. 


The uses of this editing process are very extensive. 
Primarily, it is intended to speed up operation by 
eliminating a good deal of otherwise essential 





The Burroughs 220 system, 
showing the central computer, 
the control panel and paper tape units 


merry 
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internal ‘housekeeping’; but, in practice, it does 
more than that. For example, it is possible to 
read a mixed deck of cards (say, detail cards and 
master cards), and have the input station determine 
to which category each given card belongs; and, 
consequently, how it is to be dealt with by the 
computer. 

The editing process on output is very similar to 
that on input. Here, five format bands are available 
per station; all of them accessible by means of the 
programme. The format band required for any 
specific section of output is selected by the compu- 
ter, and each digit is then scanned to determine 
whether it should be: 


(a) transferred numerically 
(b) transferred alphabetically 
(c) deleted altogether 


insertion of 


(d) delayed, pending the 


number of blank spaces. 


THE MAGNETIC TAPE SYSTEM 

The magnetic tape system of the 220 consists of 
a control unit and up to 10 tape units. These latter 
may consist of real-type units or large capacity 
bin-type units. 

The control unit, in conjunction with the compu- 
ter, will se/ect which tape unit is to be activated at 
any one time; and, like the Cardaii..: control, it is 
capable of interrogating any unit as to readiness. 
Once again, this opens up possibilities of alternate 


programming and time sharing. When a specific 
unit is not immediately required it may be switched 
to local control and used independently for other 


purposes—tape rewind or editing, for example. 

The tape itself is pre-edited before initial use; 
that is to say, it is cleared of any previous infor- 
mation, and flaw areas are magnetically marked off. 
It is thus not necessary to use perfect tape; and any 
tape containing information no longer required 
may be re-used. 

Each tape consists of two lanes of information, 
accessible by alternate read-write heads. The 
packing density is 208 digits per inch per lane. 
Tape speed is 120 inches per second. 

The information on tape is divided into blocks: 
but block length is freely variable between minimum 
and maximum contents of 10 and 100 words 
respectively. 

Each block is individually addressable, and ihe 
command structure contains provisions for each 
tape unit to ‘search’ or ‘scan’ the tape for any 
given address—that is to say, to position the tape 
in such a way that the appropriate section may 
immediately be operated on. This process is 
buffered from computer operation; and can, 
therefore, take piace in parallel with the normal 
programme. 

On a ‘search’ instruction, the required address 
will be shown in a specified memory location; and 
the designated tape unit will thereupon activate the 
tape and look for the required block. 
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On a ‘scan’ instruction the control unit will 
assume that any one of the first 10 words in the 
block contains the block address; the specific word 
being designated by the instruction itself. 

On a read or write instruction, the computer 
will transfer the content of a specified (up to 10) 
number of blocks between its memory and the tape 
Transfer speed varies from a minimum of 46.5 
microseconds per effective digit, to a maximum of 
114 microseconds per effective digit. 

The nature of the addressing system coupled 
with the characteristics cf the read-write instructions 
permit the free usage of selective updating tech- 
niques, where such are desirable. An application 
consisting of voluminous records but low daily 
activity can be handled in this manner, the com- 
puter being engaged on an alternate programme 
while the requisite record is being sought. 

The capacity of the system to handle voluminous 
records is further increased by the utilisation of 
magnetic tape Datafiles. These consist of large 
bins, with 50 double-lane tapes in each, and a 
read-write head, movable on a shaft, which will 
first select the tape required, and then cause that 
tape to position itself to the correct address. If 
the maximum of 10 Datafiles is used, the system 
has access to nearly 49 million words on line. 


THE DATAPRINTER 

Incorporating completely transistorised circuitry, 
the system consists of two main components. 
These are: 

(a) the storage and control unit. 
(b) the high-speed printer. 

In order to print out information, data is firstly 
loaded from the computer (or magnetic tape) on 
to the buffer. Upto 100 words may be transferred: 
information is determinable by the control panel. 
This means that the buffer can also be used as a 
memory for storing static information for print-out 
purposes—no fixed charges, for example. 

During the second phase of the operation. 
which when on-line, is independent of the computer, 
information is transferred from the buffer to the 
print register. During this phase, data order is 
re-arranged and the data itself are edited to suit 
output requirements. Alphabetic translation also 
takes place. The print register has random access 
to the buffer addressing system. 

As soon as the print register is filled with 120 
characters, a printing cycle takes place. The 
printer consists of a revolving drum; with the 120 
character spaces axially, and 51 characters per 
such space circumferentially. As the drum 
revolves, the print register is scanned 51 times for a 
yes-no decision in respect of each character, and 
the appropriate printing m2chanism consequently 
activated. 

Output speeds are variable, maximum being 
1,509 lines per minute for numeric and 1,250 lines 
per minute for alpha-numeric information. Up 
to six copies may be obtained from one print opera- 
tion. 


continued on page S50 
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Results of a recent survey show the need for 


thorough svstem planning 


THE COMMERCIAL 
USE OF COMPUTERS 
IN BRITAIN 


By RH WILLIAMS, Managing Director, 


EVERAI 


recent months, on the developments of 


writers have reported, during 
the installation of computers in Britain 
Unfortunately, there has been such divergence in 
the facts reported that it has not been easy to 
gauge the true position from them 
Our company recently sent out a questionnaire 
to every user of commercially manufactured com- 
puters which have been installed in Britain and 
also to every foreign user of British-built com 
puters Questionnaires have also been sent to 
a large number of users of calculators, such as 
the Powers PCC and the Hollerith 555; but the 
replies to these questionnaires have not been taken 
into account in this article. The information in 
the quesuionnaires is Of course confidential, but 
tis possible without breach of confidence to draw 
certain conclusions 


On the whole. the response to our mailing was 
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Computer Consultants Ltd 


very good, though some users, as was to be 
expected, preferred not to complete the question- 
naire. We are primarily interested in computing 
systems for commercial work, but we included in 
our survey a few supplementary enquiries about 


non-commercial computers 


DEFINING A COMMERCIAL INSTALLA- 


TION 


Some of the disparities in recent reports are 
due to differences in the use of terminology. For 
example, there is not always agreement as to 


what should be 


described as a ‘commercial 


installation.” Our own definition of a commercial 
installation is one in which an electronic com- 
puting system is used to carry out mundane office 
tasks such as stock control, invoicing, payroll, 
production scheduling and so on 


It is true, of course, that many other tasks 
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carried out on computers have a direct bearing 
on their value as commercial installations. Others, 
including pure research projects, have an indirect 
commercial value; but since some definition of 
a commercial installation is necessary, we prefer 
the comparatively restricted one we have given 
above. 

Even such a clear-cut definition does not, how- 
ever, altogether eliminate the possibility of mis- 
understanding or of conflicting information. For 
example, the manufacturer and the user will some- 
times describe the same installation in contra- 
dictory terms, the manufacturer maintaining that 
it is used for production scheduling and stock 
control, while the user describes its function as 
* scientific work throughout.’ 


CENSUS OF SYSTEMS 

Within the terms of our own definition there 
are at present 69 commercial computing systems 
installed in Britain. This figure does not include 
six ‘classified’ installations that nobody is sup- 
posed to know about. 

Eleven of these 69 installations make use of 
tape. some of them very recently 
It is fair to say that there has so far 


magnetic 
installed. 


been only limited experience of the use of magnetic 


tape in Britain. The National-Elliott computers 
make use of magnetic film, but there is con- 
siderable difference between the handling of this 
medium and the use of half a dozen magnetic 
tapes within one system. 

Nearly half the computer installations in 
Britain are located in the Greater London area. 
Most of the remainder are in the Midlands. There 
is one installation in Scotland and one in Wales. 

The figure of 69 commercial installations 
includes 16 in computer service centres; thus, 
there are in fact 53 commercial installations in 
the computer users’ own premises. Some of the 
non-commercial users, particularly the universities, 
are carrying out limited trials of commercial work. 

It appears from the answers to the question- 
naires that only a few of the commercial instal- 
lations have so far proved entirely successful and 
economically justifiable. 

The majority of installations have been the 
result of the user company’s own efforts. The 
few exceptions to this—and it is significant that 
the exceptions seem to be the most successful 
installations—are a user who was previously 
hiring time at a computing centre, a user who 
had his system designed and installed by a manu- 
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facturer’s systems adviser, another by an 
independent Organisation and Method team within 
the user company, and another by a combined 
team from within the organisation and a govern- 
ment department. 

The earliest installation was in August, 1952, 
the latest a few weeks ago. The average time 
between the placing of an order and the com- 
pletion of an installation is 20 months: the 
shortest time was four months and the longest 
something over 52 months. 


EFFECTIVE COMPUTER TIME 

The questions relating to the percentages of 
effective scheduled time produced 
interesting answers. By ‘effective 
time’ is meant that amount of * good’ time that 
is obtained from a system and is usable within a 
certain required period. 
centage of effective scheduled time allowance is 
of course made for normal preventive maintenance 
time and shutdown time. Only unscheduled non- 
operational time is deducted from the total 
scheduled working shift of the machine 

With the installation of new equipment. 
‘teething troubles” are to be expected. The per- 
centage of effective time will therefore not be 
as high at first as it should be when the system 
and equipment have settled down. Though this 
proved to be so in the majority of cases, there 
were one or two exceptions, in which the per- 
centage of effective time has declined. It is 
interesting to surmise why this should be so. It 
could be that the equipment is wearing badly or 
that the user is now undertaking his own main- 
tenance while originally the manufacturer was 
more effectively maintaining the equipment for 
him. Alternatively, the work of the computer 
staff may have deteriorated. 

The average original effective time for all 
reported systems was 78 percent. The lowest 
individual figure was 33 percent. The average 
effective scheduled time at present is 90 percent 
The highest single figure is 99.9 percent and the 
lowest is 60 percent. In our opinion it is 
necessary for the user to obtain at least 95 percent 
effective time from a system on commercial work 
if peak periods are not to cause trouble and dis- 
location. Also, to be used economically, a com- 
mercial system should operate for at least two 
eight-hour shifts per day. Experience has shown 
that this is essential for ‘one-shot’ types of 
operation. 


some very 
scheduled 


In calculating the per- 
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The above percentages of effective scheduled 
times relate to the system as a whole. It is 
significant that the percentage of lost time was 
generally less in cases where off-line peripheral 
equipment was used. Sixtyfour percent of lost 
time was caused by trouble with input and out- 
put equipment, 
punched paper tape. 


usually in association with 

Other causes of lost time were valve failure, 
magnetic drum trouble, a non-resident main- 
tenance engineer, staff shortage and * faults found 
during maintenance.” This last reason suggests 
a possibly too zealous maintenance engineer. 

Very few users who answered our questionnaire 
were making any attempt at integrated data pro- 
cessing, though this is the most profitable method 
of using a computing system and should be the 
ultimate aim in system planning. 


POINTS IN PLANNING 

Certain conclusions and suggestions follow from 
the results of our survey. 

The first is that, although it is absolutely 
essential to know precisely what work one wishes 
to do, and consequently io have an intimate know- 
ledge of the business, it is not always wise to try 
to plan a computer installation 


wholly from 


within the organisation. Internal survey teams 
are inclined, after rather short visits to several 
computer manufacturers, to draw too hasty con- 
influenced in their 
thinking by the limitation of the equipment they 


clusions and to be heavily 


have chosen on inadequate grounds. It seems a 


pity, in the circumstances, not to take advantage 
of the specialised, impartial advice that is avail- 
able. 


The second obvious lesson to be drawn from 


the survey is that the installation of a system will 
take about two years from the date of ordering. 
As this will be preceded by a period of planning, 
the total time, from the beginning of preparation 
to installation, is something like three years. 

Although, with a computer installation, it is 
inevitable that the user will be putting all his 
eggs in one basket, it is nevertheless a wise pre- 
caution to plan for as much off-line operation as 
possible. This applies particularly to printing 
operations and the preparation of input data. It 
is a further wise precaution to try to foresee as 
many teething troubles as possible and to plan 
to avoid them, to leave as little as possible to 
chance. 

The original plans should aim at an effective 
scheduled time of 95 percent and every effort 
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should be made to increase this to 99 percent in 
operation. Breakdowns will occur. The planning 
should take cognisance of this and the training 
and engagement of resident maintenance engineers 
should be a prime consideration. 

Care should be taken in planning the system to 
ensure that, when all the calculations have been 
carefully made, common sense is added. Much 
will depend on the equipment; but more will 
depend on the system design and preparation. 





QUESTIONNAIRE TO COMPUTER USES 





Name of Organisation 





Address at which computer is installed 





Manager of the installation 





His telephone number and extension 





Description of computing system and all peripheral 
equipment used on-line 





Description of peripheral equipment used off-line. 





Is all the latter situated at the computer? 





Date installation first considered 





How was the suggestion explored? 
staff, etc.) 


(i.e. Team of own 





What date did the Team (or others) decide on this 
particular equipment? 





What date was their recommendation adopted? 





What date was installation completed hardware-wise? 





Is your equipment rented, bought or was it presented 
to you? 





What type of work is done on the system? 
list in order of implementation, with dates. 


Please 





What was the original % of effective scheduled time? 





What is the present % of effective scheduled time? 





What are the principal causes of present down-time? 





What improvements and problems have you still to 
make and overcome? 





Have you any spare computer time? 





If so, are you prepared to sell time and at what charge? 





General remarks. 





Date. 


Computer Consultants Limited. 


THE REPLIES ON THIS FORM WILL NOT BE 
DISCLOSED TO ANY THIRD PARTY. 











Computer users approached by 
Computer Consultants Ltd 
were required to answer the 
questions listed above 





Layout and 


Presentation 


ot Computer Programmes 





COMPUTER programmes are often assembled and 
left merely as a bundle of working papers. Flow 
charts are in pencil, large areas are crossed out and 
corrections appear on different sheets. Often 
sections of coding which have not been put on the 
flow chart are inserted into the programme. Sym- 
bols, particularly superscripts and subscripts, are 
not indexed. Puring debugging, programme altera- 
tions are made in the computer to produce the 
finished programme, which consequently does not 
correspond with the coding sheet. If a programme 
record is kept, it is often a file into which all the 
working papers are stuffed. The only person who 
could possibly attempt to understand this is the 
original programmer; and very often, when a change 
is necessary a few months later, he has forgotten 
the whole programme or has left and taken another 
job. As a result, the whole programme has to be 
re-investigated from scratch. 

The object of this article is to show how these 
faults could be corrected by producing a programme 
manual for each programme. This is not intended 
as an ideal to be aimed at but rather as a practical 
solution which can be easily achieved. As a general 
rule, too much information cannot be given. 
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By J W Mitchell 


THE PROGRAMME MANUAL 


HE exact requirements for the programme 

Ty manual will vary from installation to installation 

However, the following basic points should be 
considered. 

Immediately after a programme has been debugged 
it should be possible to have the manual contents 
bound. The information which is to go into the 
manual will all have been obtained during the course 
of programming. It should have been written up, as 
the programming proceeded, including alterations and 
correction, in a suitable format for inclusion in the 
manual 

It will admittedly take a lot of discipline to achieve 
this end. Programmers will find it extremely useful to 
file correct papers apart from their working papers, so 
that they have correct figures and coding available for 
later reference. As these papers are to be kept initially 
on file and are later to be bound, it ts advisable for a 
standard size of paper to be used. 

While the one basic set of papers is normally hand- 
written, copies should be typed (and checked) and all 
drawings be inked in by a draftsman. As corrections 
occur they can be pencilled in, so that typists can 
easily copy and correct the papers. 
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Bindings 

THE binders for the programmes should have explana 
tory titles printed on them and should bear the name 
of the organisation. A space should be 
provided to enable the title and main purpose of the 


window 


programme to be seen and, if possible, the spine of the 
binder should also carry an identifying title 

In any programme library it ts essential that a 
Volume | 
of the library would in that case contain the index ot 
the programmes As 


reliable index of programmes be built up 


additional programmes are 
written and issued, index pages can simultaneously be 


issued for each new volume 


Indexing 
THE information contained in the index page for each 
programme should be on the following lines 
| Programme index number 
Title 

3 The names of the systems personnel, pro 
grammers and coders responsible 

4 A brief 


purpose 


description of the programme’s 


5 A list of the index numbers of other pro- 


grammes which tie in with the present programme 


6 A list of the departments in the organisation 
whose work is in any way affected by the pro 


gramme and, if possible how it is affected 


7 A list of the distribution of copies of the 

particular programme with either the title or the 

names of the people concerned, so that, as amend 

ments are issued, full details can be circulated 

Amendments sheets should be issued for indexes so 
that a recipient can check that all amendments are 
received. Further, a monthly list of all programmes 
issued can be circulated to all staff enabling them to 
make a complete check on programmes received 

The distribution of programmes is a matter of 
company policy, but some general suggestions may be 


made 


| The head of the programming staff should 
receive copies of all programmes 


+ 


2 The programmer responsible will require a 


copy of the programme tor future amendments 


3 The computer centre library, tf one is main 
tained, should have a copy, but care will be neces 
sary to prevent unauthorised persons from having 
similar 


access to the payroll of programmes 


4 Possibly the chief Operator will require a copy 
for operations instructions for computer centre 
personnel 

5 The chief engineer may require a cop) 
fault investigation 


6. Copies may also be 


required board o1 
management level 
Copies of some programmes ought also to be 
distributed to 
(a) departmental chiefs (copies of programmes 


affecting the work of their departments) 
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(b) the chief accountant (all programmes affecting 
financial records) 

(c) the auditors 

(d) the cost accountant (programmes relating to 
costing, work study, production control): 

(e) factory and departmental managers (copies 
of programmes affecting their work) 


DETAILS OF THE PROGRAMMES 


PROGRAMMES will vary according to the computer 


that is being programmed Here the 


information should be given 


maximum 
The main aim is that 
able to pick up any pro 
gramme and, whether or not he has seen it before, be 


able to understand it 


any programmer should be 


The first page « 1anual should give the title of 
the computer run ts purpose. In practice, this 
could be a copy index sheet issued with the 
programme 

The next sheet or several sheets should consist of 
process chart and flow chart symbols. together with 
(See figures I, If and HI.) 
Programmers may employ different symbols from those 


shown 


explanations of their use 


the principle is that all symbols used in the 
programme are to be explained in the manual. If 
standardised symbology is employed by all program- 
mers, a standard instruction sheet with regard to flow 
charting can be included in the index volume, although 
it is sull advisable to repeat it in every manual 
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Table of Symbols 


THE next section is 
manual. In practice 


one of the most important in the 

programmers employ extensive 
symbology and coding techniques in order to reduce 
the amount of information to be written in each flow 
chart symbol. The result is often confusing, with its 
multitudinous superscripts and subscripts, but saves a 
ind enables the whole 
programme to be displayed in as few charts as possible 


considerable amount of space 


Hence, a table of all symbols employed, with explana- 
tions, should appear near the beginning of the manual 
A further table of all codes or abbreviations should be 
included together with all prefixes, superscripts and 


subscripts. A typical table is shown in Figure IV 
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X = 57, Assumptions box for 
C= oot 75 preset factors 


Variable point connectia 
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Set return instruction {> 
for sub-routine. set return instruction 


Commencing - finishing 
instructions and break- 
points. 
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Fixed point connection for 
jump instructions. 


€- Pessible return poist for 
eet rewrn instruction. 


Input Information 


HAVING covered the explanatory information, we 
can now deal with the actual programme. Here, 
logically, the first thing to consider is the input infor- 
mation. This is generally speaking of two kinds: a 
master file or files of information which it is desired to 
update, and a change file or files, carrying data which 
affect one or more master files. 

A full description of all the information required 
should be included in this section. For each master 
file a list of all the information contained within the 
file should be prepared: for example, the ‘Employee 
File’ would contain the employee’s name, works 
number, home address, age and birthday, marital 
status and number of children, department employed 
in, date of joining the firm, membership of trade union, 
social club, pension scheme, etc, gross wages to date, 
tax to date, deductions for national insurance, holiday 
pay, etc. 

In addition, as much of the information may not be 
required for processing in this particular computer run, 
a list of other programmes that use the master file 
should be included. 

Similar details of information should be prepared 
for each of the change files, and their contents listed. 
Here, however, it is necessary to know where the 
information is received from, and in what form. 


Change Information 


IN dealing with change information, the following two 
points should be borne in mind: 

1. Certain information may initially be supplied 

in punched card form as a by-product of another 

function. This may eventually be supplied in 

magnetic tape form from another computer run, 

necessitating a change in programming; and 

2. Initially the master file might only be in use 
on one run, but be used eventually on several runs. 
This could mean that change information which 
is later to be incorporated into the master file by a 
different run, involving other by-products, might 
temporarily have to be the subject of an updating 
routine as part of this run, which can subsequently 
be eliminated. 


Changes in the programme arising from these causes 
must not be overlooked when other programmes are 
written. Furthermore, the programme and input 
output amendments must be circulated to all manual 
holders before the new programme comes into use, 
preferably during the parallel running of the new 
programme with the existing procedure. 


Output 


IF we turn now to the output required, for which 
descriptions should also be prepared, we find that it 
takes effectively one of five forms: 

1. The updated master files; 

2. Change file required for processing in other 
runs such things as pension fund deductions; 
3. Printed results (on line) or output required for 
printing. Here it is unlikely that standard infor- 
mation can be printed from the computer. This 
is all likely to be the subject of preprinted forms. 
The output can then be built up in three ways: 
(i) merging of information built up on the com- 
puter run with information extracted from the 
master file; (ii) merging of the built-up information 
with a separate master tape of constant details, 
eg, works number, name, initials, and department; 
(iii) arranging for these essential details for the 
merge to be a more or less separate item on a part 
of the master tape, ie, sectionalising each master 
tape item into groups of information; 
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PROCESS CHART SYMBOLS 
Magnetic tape file 

Punched card input or output 
Magnetic tape to punched card 
Punched card to magnetic tape 
Process box, central computer 
Paper document 

Random access file: drum or disc 
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Fig. IV 


4. By-product information: totals of analyses 
under budget or cost data. These may be required 
for other computer runs and also required as prin- 
ted information for management; 

5. Error information. This is probably required 
as an immediate printout for investigation. Inevi- 
tably some items will arise that the computer 
cannot deal with. It may later prove possible to 
programme the machine to deal with some of 
these items, but others will require human inter- 
vention and investigation. 
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PROCESS CHARTING 

THE next requirements are a chart or charts dealing 
with the relationship of the various computer pro- 
grammes. The essential features of this chart are 
that it (a) indicates the position of the programme in 
relation to those from which it received its input and to 
which it feeds its output, (b) details any necessary 
merging or sorting routines which may be required, 
showing their importance and indicating whether they 
use tape or cards, and (c) indicates the order in which 
various runs are to be performed and the frequency 
with which they are to be performed. Merging and 
sorting routines will probably be too small to warrant 
a separate manual each; it is probably best to include 
them in a special appendix to the programme manual 
to which they apply. It is possible to standardise 
merging and sorting routines for use with several 
programmes. 

A typical process chart is shown in Figure V. 

Figure VI is a straight time chart indicating when 
different programmes are to be placed on a computer 
and their expected durations. This chart should cover 
all equipment for the seven days of the week. 

A chart may or may not be required, according to 
the complexity of the data processing involved, to 

From Production control 
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show the relationship of the tapes and cards. It may 
be necessary where these media are used for several 
processes. It can also assist programmers and opera- 
tors by indicating which information is no longer 
required. Inreality it isan extract from the programme 
operations manual, which the operators use for running 
the centre, rather than purely programming infor- 
mation. It can be extremely useful in checking errors 


INPUT AND OUTPUT DATA 

SO far we have dealt with the programme in plain 
language only, so that anyone can pick it up, read what 
it is about, know what results are required and how 
they can be obtained. 
computer programmes will vary according to whether 
coding is to be performed entirely mentally, with the 


use of routines, or using automatic programming of 


the *“Flowmatic’ variety 
language 


plain language to machine 


Automatic programming systems are invariably 
designed so as to allow routines or precoded sections 
to be read into the finished programme. Optimising 


programmes, which are felt to be outside the scope of 


the manual, need not necessarily be included. 
Separate sections of the manual should deal with 
input and output, in the following form: 
1. Name of item; 
Sequence of items: 
Volume of items per run; 
Source 
5. Form in which received (punched card, paper 
tape, etc) 


Next, it is necessary to know the exact layout of the 
input and output as received. A pictorial representa- 
tion of each item should be given. 

Figure VIL gives an example of punched card input 
format. For keyboard entry it may be necessary to 
type in some instructions to enable the computer to 
digest the information. These instructions can be 
included in the details of keyboard entries to the 
system 


W 


The detailed preparation of 


Fig. VI 


Layout of blocks or blockettes of information fo 
Magnetic tape input/output should be given. 

If input is obtained as a byproduct of anothe 
operation (eg paper tape produced with typewritte: 
invoices) an example of the format should be given, i! 
possible including a copy of the printed form with 
details of distribution. Similarly, for all printed out 
put, examples of the format should be included 


Information Layout: Size of Items 


THERE are three main sizes of items in information 
layout 


1. Fixed item size: Input/output items via magnetic 
tape of one block of 720 characters, subdivided into 
six blockettes of 120 characters, for internal handling 
and transference, each blockette divided into 10 words 
of 12 characters each for arithmetic purposes, one 
character being regarded as a sign plus or minus 


2. Combination of fixed and variable item size: In one 
computer, input/output items are blocks of 120 charac 
ters. Internally, these blocks can be transferred 
Additionally, they are subdivided into 10 words of 12 
characters each for arithmetic purposes 

divisions are fixed within the computer 
the blocks of 120 characters can also be subdivided into 
from two to 20 fields, each of which may consist of one 
to 119 characters. A pre-set pattern of fields has to be 
established for each programme, so that the varying 
size of item information has to be programmed 


These sub- 
However! 


In this machine, three different areas of the memory 

can have different field patterns at the same time. and 
the programme can be written to change the pattern at 
any time, as required. 
3. Variable item size: Items may be of any size fo 
internal and external use. There are maximum sizes 
for internal transference and arithmetic operations, let 
us say 120 and 12 characters respectively. Smalle: 
items can of course be operated on but within these 
limits items may be of any size. Instruction words 
will be of constant size. 

In the first case, the item size being fixed, the interna! 
format is known. In the second case, it is necessary 
to plan the internal field allocation and to plan input 
or Output to fall into one of these established patterns 
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In the third case, while variable item size is an 
advantage, it is also useful to know where different 
information can be found in the memory for pro- 
gramming purposes. Hence the starting point (least 
significant digit) of each item within the memory 
should be clearly indicated, and the starting point of 
the next item should allow sufficient clearance for the 
longest possible item. It will be necessary to pro- 
gramme the computer so that, when read in, informa- 
tion is correctly allocated internally, and, when fed, it 
iS aS compact as possible To this extent an internal 
memory allocation chart is necessary for each pro- 


gramme 


THE MEMORY STRUCTURE 


THE memory structure of the computer may be all of 
ne type or it may consist of a combination of two or 
more of the following: mercury delay line, cathode ray 
tube (both now obsolescent), magnetic core, highspeed 
magnetic drum, general storage magnetic drum, 
magnetic discs, largescale drums, magnetic tape The 
items most frequently required should naturally be 
stored in the most readily accessible portion of the 
memory 

A further chart will be required to indicate the 
location of the input/output units to the data 
Normally programmers tend to allocate units as they 
proceed with the programming. It is, however, advis- 
able to include an allocation chart in the manual as a 
guide to programmers and other staff on how the 
operations should proceed. This is valuable when 
used in conjunction with the card and tape flow chart 
mentioned earlier These charts should, where pos- 


sible, be cross-referenced to each other 


THE COMPUTER PROGRAMME 


IT is still inadvisable to disappear immediately into a 
morass of flow charts and coding. We have so far 
only an idea of the processing involved 

The next stage is essentially a process chart, giving 
details of all operations which are to be performed in 
This chart should be completed in 
plain language in such a manner as to be readily under- 
standable. The actual flow chart will break each 


the processing 


process into the several logical steps necessary to 
produce the result The process chart will however 
enable management to trace how the processes are 
being performed and to ensure that no essential points 
have been omitted The 
Figure VIII 

The various boxes on the chart should be numbered 
in programme ordet 


process chart is shown in 


The next section of the manual contains the logical 
flow charts of the computer run. Each box of this 
chart will contain one simple, logical step, using the 
codes, superscripts and subscripts previously tabled 
Alongside each box will be the step number and the 
corresponding step number of the process chart and 
the address. See Figure IX 


The fullest possit 


Me annotation is necessary in this 
section of the manual, otherwise some apparently 
obvious point can be overlooked, and can become an 
embarrassment later 

If automatic programming is employed, a section 
giving the plain language sentences or the symbolised 
input These should be 
numbered to correspond with the flow chart. This 


sentences should follow 
section should also include full details of all routines 
automatic or extracted from files, which are employed 
in the construction of the programme 
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Store Income Tax for week for 
output. 
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Of course, a complete copy of the programme should 
appear in the manual and it is best that this be in effect 
a printout. 


Timing 


WITH many computers the makers supply timing 


charts. Complete timing for every programme step 
should be included, broken down into access time and 
performance time. 

Owing to iterative loops, it is doubtful if all items of 
data will take the same processing time to perform. It 
is therefore necessary for timing charts to be accom- 
panied by time analyses for the different run combina- 
tions through th: system. In addition, the time 
achieved by the computer on the test data should be 
recorded 

The input data used to test the programme should 
be very carefully compiled and it is imperative that it 
be arranged in such a way as to cross-test every possible 
programming alternative that can occur. 

A copy of the test data should appear in the manual. 
If the computer should later fail to complete an opera- 
tion it will then be possible to check back that the 
operation was satisfactorily performed on test. 
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FINAL DETAILS OF THE MANUAL 


NEARLY every unit of peripheral equipment has some 
form of control or programming which has to be set up 
before the operation of the programme. Most of this 
information could possibly be provided by including 
copies of the operators’ instructions within the manual: 
but special instructions may be necessary for the 
operation of highspeed printers, the setting of plug- 
boards, etc. 


In conclusion, one point is often ignored. Com- 
puters are not infallible. We must face the fact that at 
some time a fault may occur in the middle of a pro- 
gramme and hold up all data processing for several 
hours. For this reason, some external means of check- 
ing the computer, such as control totals, must be pro- 
vided. This is especially necessary where the computer 
does not have self-checking or double arithmetic 
circuitry. If a complete breakdown occurs, it is 
essential that some emergency operation be available 
Emergency procedure should be included in the manual 
and should occasionally be tested to ensure that it is 
practicable. 
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Sorting It Out 


Paul Brock: 


Business-type Problems from a Computer 
Standpoint 


Computers and Automation. Vol 8 No 8. 
August 1959 (USA) 


EVERY problem intended for solution § by 
computer must be reduced to an explicit set of 
computations, in an analytic fashion. The moti- 
vation of the problem is irrelevant. 

The author discusses the classification of many 
different problems that arise in business operations 
according to the explicit analytical problem that 
the computer is asked to solve. 

There are several types of problems that are 
altogether inapplicable to a computer: questions 
that involve the handling of individuals and their 
psychological reactions; decisions of top manage- 
ment that require subjective considerations that 
cannot be analytically expressed. * There are not 
too many decisions of this type, though.” 

The author discusses in detail the nature of an 
information file and lists its basic operations as: 
query, checking, updating, stretching (augmenting) 
and deletion. Subsidiary file operations are: 
pre-sorting, arithmetic, checking, input and output. 

He distinguishes between single-file and multiple- 
file problems. The latter are characterised by the 
existence of two or more files with a necessity 
for cross-referencing during the problem solution 
Examples are: customer accounting and trust 
accounting (in banking) 

Sorting is a relatively slow and expensive task 
for a computer. Double-file problems can possibly 
be handled by random access memories. In 
many cases a company that feels that it has a 
double-file problem should look at it critically, 
because it may be possible by one or two minor 
adjustments to reduce it to one or two single-file 
problems. 

The author also discusses management statistics, 
the principle of management by exception and the 
employment of computers in compiling a ‘ Report 
of Operation.’ 

He concludes with the observation that business 
executives are rarely mathematicians 
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“It is clear 


that there is more to solving a mathematically 
complex problem than just applying correct 
mathematical techniques.’ 


Nelson M Blachman: 
Central-European Computers. 


Communications of the Association for Com- 
puting Machinery. Vol 2 No 9. September 
1959 (USA) 


BASED on a talk delivered by the author at the 
Auto-Math Computer Exhibition in Paris, in June. 
The principal centres of computer research in 
Central Europe are the Carl Zeiss optical works 
in Jena, the Research Institute of Mathematical 
Machines in Prague, the Technische Hochschule 
in Vienna and the Boris Kidrich Institute of 
Nuclear Sciences in Belgrade. 

The article includes descriptions of the Zeiss- 
Rechenautomat 1, a magnetic drum computer 
being built at Jena, the Czechoslovakian machine, 
SAPO, also with magnetic drum store and 
extensive error-correcting features, the Viennese 
Mailiifterl, with drum and core storage, and a 
brief mention of a new computer being built in 
Jugoslavia, as yet unnamed 


Philip R Bagley: 
Proposal for a Feasible; Programming System. 
Communications of the 
puting Machinery 
Vol 2 No 8. August 1959 (USA) 
A REPORT of work performed at 
Laboratory, Massachusetts Institute of 
nology, Lexington, Massachusetts, USA. 
The aim is to draw up specifications for a 
programming facility (itself involving a digital 
computer and a program) to assist the preparation 
of computer programs, especially large-scale 
real-time control programs. Preparation includes 
coding, verifying (debugging) and documenta- 
tion, but does not include evaluation of the pro- 
gram’s adequacy 


Association for Com- 


Lincoln 
Tech- 
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This programming system is envisaged as a 
consultant's tool, to make use of a computer with 
maximum random access storage and speed, 
capable of being constructed with present tech- 
niques The tool is to be used to prepare 
programs for other computers * with very similar 
characteristics” but with less storage and _ less 
speed 

A client has a problem. This is analysed and 
written as procedure-statements which the pro- 
gramming system will check for errors. The set 
of procedure statements must be checked and 
corrected repeatedly until no more errors can be 
detected 

The program is implemented to conform to the 
client’s specifications as to the computer to be 
used, the accuracy required, the cost, etc. * The 
purpose of the programming system which we 
have in mind is to construct a program for any 
one of a limited class of computers to carry out 
the functions specified by the client.” 


CONVERSATION PIECE 


Herb Grosch, C D Tompkins, Charlie Phillips 
and others: 


Is It Overhaul or Trade-In Time ? 


Datamation. Vol 5 No 4. July/August 1959. 
(USA) 

MEMBERS attending a computer conference in 
America discussed the lack of a unifying organisa- 
tion in the information processing field. One of 
the functions of such a_ unifying organisation 
would be the compilation of a glossary of com- 
puter terminology. Discussion of these and 
related subjects took place in two sessions which 
were recorded on tape and subsequently edited 
Both subjects—a_ professional body and an 
approved vocabulary--seem to have obsessed 


American data processors recently. As the tran- 
script is literally indigestible, we offer a_ brief 
quotation: 
Rubinoff: Mathematical statistics has pervadec 
many areas, however. If you prefer we can 
talk about operations research, which pervadcs 
many areas as well. 
Grosch: I think statistics Is a sub-class o 
operations research and operations research is 
in danger of becoming stillborn. [I would agree 
with the library comment, but I think libraries 
are just a sub-class of information retrieval 
devices. 
Gorn: What you're really talking about is th 
theory and practice of formal communications 
and that’s why it is such a central thing. 
Grosch: That's very well put, Saul. It seems 
to me that everyone is getting on the band 
wagon now, under the banner of information 
processing 
Armer: Six months from now, information 
processing will be the OK word in this business 
Rubinotf: There’s an alternative We could 
invent an even newer term and see if peop 
could catch up with us on that one 
Armer: I think we really need some generic 
terms and information processing ts just too 
damn long. 
Grosch: Well, we could make up one The 
word ‘radar’ was invented. All we have to 
do is string together five letters with a lot o 
zilch. 
Gorn: If information processing or informatio: 
transforming wont do. then formal com 
munication won't do, either 
Gruenberger : Whatever this word is that you 
make up, Herb, make sure that it appears first 
in the Glossary. 
Granholm: We ought to put a Greek scholar 
to work on it and come up with some word 
like thelelatria, which describes a phenomenor 
evident in a great many magazines.* 
Gorn: Cybernetics came about that way and 
it has something to do with communicatior 
between man and machine 


* Thelelatria: worship of the bosom 


INSTITUTE OF METHODS ENGINEERS PROPOSED 


The Editor 


Automatic Data Processing 
Sir 


As one who for some 12 years has been engaged 
in Organisation and methods and general office 
efficiency, | have long felt the need for a medium 
through which the new and growing science of 
‘methods’ can be promoted. 

I suggest that an association be formed to foster 
this new science, discuss problems of industry and 
commerce and find solutions, regulate standards of 
activity, advise manufacturers in connection with 
developments and generally to promote the economic 
and efficient use of data and data processing 
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We may get moving on such a project with a small 
nucleus of interested persons—at least to draw up the 


necessary Articles and Memorandum of Association 


before giving wider publicity. Would any interested 
readers get in touch with me? 


Yours faithfully, 
ALEX S BARNICOAT 
Stonebridge Cottage. 
Rickford, 

Worplesdon, 


GUILDFORD, 
Surrey 
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Accessories 


New High-speed 


Input Readers 


ASSOC LATED Automation Ltd 
a company within the Elliott 
Automation group, have begun 
production of a fast punched-card 
reader and a fast paper-tape reader 
> The card reader reads standard 
65 and 80 column cards at speeds 
of up to 400 cards a minute, giving 
a reading rate of 533 characters per 
second. It is, the company claim, 
one of the fastest punched-card 
readers available for feeding infor 
mation from punched cards into 
computers It is the only serial 
reading computer input card 
reader manufactured and sold in 
Britain. 

The design is very flexible and 
compact and models are available 
which read the cards either face up 
or face down and provide column 
identification The reader weighs 
about 62Ib and measures approxi 
mately 22in by 22in by 12in high 

The mechanism reads 80 
column punched cards of standard 
size (7iin x 34in), punched with 
rectangular holes, and 65 column 
cards punched with round holes, 
with or without verification. Each 
card is ted by energising a 
2,000 ohm clutch magnet for a 
minimum period of 20 m/s. The 
bottom card in the magazine, 
which holds approximately 600 
cards, is then picked off by a knife 
edge and is fed with the long edge 
leading on to a platform, where it 
is momentarily halted The direc 
tion of motion ts changed after a 
temporary the being 
with 


pause card 
column 
same time 


fed on to 


ejected sideways 
leading and at the 
following 
platform 
Sensing Is 


the 
card its the 
the 
achieved 

" 
means of 12 
over which the 
immediately  betcre 


during 


and is 


eflected 
ejection motion 
photo-electrically by 
photo-transistors 


card passes 
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passing through the ejection rollers 
The first column passes the reading 
station approximately 30 m/s after 
a card feed order, and subsequent 
columns then pass at a rate of 
approximately 1.7 m/s per column 

Each individual card-feed cycle, 
once initiated, cannot be controlled 
externally and the cycle will be 
completed automatically by the 
mechanism When the clutch 
magnet is continuously energised 
the cards feed at the maximum rate 
of 400 cards per minute The 
maximum rate is maintained with 
separate card feed orders provided 
that the order is given before the 
middle of the card. When the next 
card-feed order is given immedi 
ately after the last column of the 
previous card, the feed rate is 
approximately 340 ~=cards_—s per 
minute. Further delay of the card 
feed orders produces slower feed 
rates. The waveform from a 13th 
photo-transistor on the mechanism 
may be used to derive a_ pulse 
between the leading edge of the 


iced 
bd 


The new, fast paper-tape reader 


keads 490 cards a minute 


This can be 
release of the 
Conversion and 
assembly of characters must take 
place in the time lapse between 
reading adjacent columns. 

Due to the mechanical action of 
the clutch, it is not permissible to 
give a card-feed order between 
the middle and end of a card. A 
square waveform from a_ 14th 
photo-transistor is produced by the 
mechanism, and can be used to 
delay orders made after the middle 
of a card until the end. 
>» The paper-tape reader has been 
designed to read standard 5-, 6-, 7- 
and &-hole punched-paper tape at 
any speed up to 1,000 characters 
per second and can stop within a 
character The characters are 
sensed by photo-transistors, which 
are illuminated via Perspex light 
guides. The transistors and glides 
can be withdrawn from the instru- 
ment in one unit should a transistor 
require replacement Transistor 
adjustment can be effected merely 
by removing an inspection plate. 

The tape is drawn through by a 
pair of rollers, the upper roller 
being fixed on the end of a motor 
shaft The position of the lower 
roller is controlled by an electro- 
magnet, the amount of movement 
being sufficient to remove the drive 
the when desired. The 
between two flat 
the pressure between these 
eing controlled by a_ second 
This provides a 
braking action on the tape which 
the action of the 


card and column | 
used to time the 
clutch magnet 


trom tape 


tare also passes 
Suriaces, 
hy 


electromagnet 
always overrides 
driving rollers 
The instrument is complete with 
driving motor, electromagnet 


lamp 
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assemblies and transistor assembly, 
but does not include any electronic 
control circuits. 

Associated Automation Ltd, 

70 Dudden Hill Lane, 

London, N.W./0. 


Industrial Tape 


Recorder 


NEW addition to Solartron’s 
range of data recording-reduc- 
tion equipment is a Standard Data 
Recorder. 

Designed specifically for indus- 
trial applications, the recorder 
effectively complements the com- 
pany’s precision DataTape System 
which finds principal application 
in applied research and guided 
weapon instrumentation. 


4 





Light, manewuvrable recorder 


It is, in fact, a scaled-down ver- 
sion of the DataTape System, 
intended for the many applications 
which do not require an equipment 
of extreme operational refinement. 
Smaller in size, lighter, more 
manceuvrable, the equipment em- 
ploys direct 50-cycle mains 
synchronisation, incorporates pre- 
cision-machined plate and tape 
drive assemblies, plus separate 
record - reproduce amplifiers for 
each channel—which are directly 
interchangeable with those in the 
DataTape equipment. 

The UK price for this equipment 
is from £4,000 to £5,000, with 
delivery promised within three 
months. 


The Solartron Electron Group 
Lid, 

Thames Ditton, 

Surrey. 


ae 


THE AUTOMATIC GRAPHOTYPE — This machine produced the Addressograph- 
Multigraph Corporation of America reads a punched paper tape to emboss 
addressograph plates automatically. Blank plates are also accepted automatically, 
and when embossed ejected in filing order. 


Accurate Temperature 
Controller 
Ce TION between 


the laboratories of United 

Steels Ltd, of Rotherham. 
and Winston Electronics Ltd, 
Shepperton, Middlesex, has resulted 
in the commercial production of 
an extremely accurate commercial 
temperature controller of robust 
construction. 

Although temperature controllers 
are marketed, none existed, it is 
claimed, which could control to the 
close limits of +0.25°C, at 
1,000°C, or above for very long 
periods continuously. 

One requirement of the con- 
troller was complete reliability over 
very long periods of continuous 
operation, with negligible * down- 
time.” 

Fifty-six prototypes were con- 


structed, and these have al] been 
in continuous use for three years 
and the total down-time for main 
taining these was three hours 
one hour in 56 years of operating 
time. 

Winston Electronics have now 
undertaken to manufacture the con 
troller and anticipated applications 
for it are in creep-testing, and in 
iron and steel foundries, non 
ferrous metallurgical research. 
development and production. 
chemical and nucleonic plants 
indeed wherever electrical thermo 
meters operating up to 1,200°C are 
used. 

Direct calibration of operating 
temperatures is possible through 
the use of improved multi-turn 
potentiometers. The furnace switch 
ing relay has no other circuit 
function to perform and so avoids 
the critical adjustment of a 
normally troublesome component 


AUTOMATIC DATA PROCESSING 





How to 
mind 
your 
own 
business 


You can keep your eye on things with Kimball Data Processing. 
Kimball tells you simply and automatically each day exactly 
what’s happening in your front line—whether point of sale or 
factory floor. 

Accurate, continuously topical facts about your business needn’t 
cost the earth—Kimball will see to that. It records day to day 
facts in such a way that they can be delivered every 24 hours 
without clerical labour. 


If you wish you knew more about your business or have to advise 
others about Data Processing, it’s worth getting to know more 
about Kimball. Why not have a word with us? 


<Kimoait> Automatic Data Processing 


B.U. SUPPLIES & MACHINERY CO. LTD. SUPPLIERS TO INDUSTRY 


BOSTON HOUSE +: ABBEY PARK ROAD - LEICESTER 
A member of The British United Group of Companies. 
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The control of oil or gas furnaces 
is achieved by using a_ suitable 
magnetic valve A mercury or 
vacuum switch may be fitted where 
greater Current capacity is required 

All the components are easily 
accessible for replacement 

4 platinum resistance thermo 
meter is formed into an AC 
powered wheatstone bridge, the 
pre-set arm of which consists of a 


relay controlling the furnace relay 
A time interval generator provides 
switching cycles of, normally, 30 
seconds to the other section of the 
relay control, which ts so con- 
nected that the first section con 
ducts, thus energising the relay only 
when the control signal from the 
thermometer is more positive than 
the signal from the time interval 


duration) non-saturating switching 
circuits of electronic computers 
such as inverters, flip-flops, and 
logic gates where high gain 
handwidth product and _ pulse 
repetition rates up to 10 me are 
primary design requirements 

The 2N643, 2N644 and 2N645 
all feature a minimum gain-band 
width product of 20, 40, and 60 mc 


1.000 ohm potentiometer graded in 
4.000 steps, each being 0.25 ¢ 

The out of balance voltage from 
the bridge ts amplified by a two 
Stage amplifier giving a gain of 
approximately 2.000. The degree 
ot out of balance, that is, tempera 
ture error, is displayed by a * magic 
eye ’ inductor, having two degrees 
of sensitivity. The amplified out 
put is also fed to a phase sensitive 
bridge. which gives a positive or 
negative output according to HREI 
whether the furnace temperature ts the 
lower or higher than the correct 
setting This output is amplified 
10 times by the DC amplifier and 
then applied to one section of the 


time cycle 
furnace relay 
furnace 


characteristics. 


Shepperton 
Middlesex 


KDP 10 SYSTEM—continued from 16 


be increased to 62 by connecting the tape selection 
unit B to each of the lines of unit A. 

The console provides for the complete monitor- 
ing of the operation of the computer and the 
on-line equipments 


The monitor printer is an on-line device, 
somewhat similar to an electric typewriter, which 
prints on to paper from information § received 
directly from the computer's store and is used 
primarily for programme operational control. 
programme testing and exceptional types of output 

Paper tape punch and tape verifiers are used for 
the original preparation and verification of the 
system coded seven-hole punched paper tape for 
subsequent input into the computer 

The paper tape reader accepts seven-hole 
punched paper tape and operates at the rate of 


48 


generator. When the furnace is at 
the correct temperature, the relay 
is energised for one-half of the 
The switching of the 
is used to alter the 
current 
values chosen to match the furnace 


Winston Electronics 


New Drift Transistors 
new drift transistors of 
germanium 
tvpe have been developed by RCA 
Great Britain Ltd 

tors are specifically 
use in high-speed (millimicrosecond 


respectively. This figure of merit 
makes possible the design of 
switching circuits having rise, tall 
and propagation times in the order 
of 20 millimicroseconds. Further 
more, their excellent high-frequency 
performance, together with their 
stability and uniformity of charac 
Ltd teristics, contributes to the depend 
able performance of the 2N643 
2N644 and 2N645 drift transistors 
in electronic computers and other 
‘on-off > control applications 

These transistors are constructed 
in metal cases with welded hermetic 
seals. 
These transis- R ¢ 
designed for 


between two 


p-n-p alloy 
A Great Britain Ltd 
Sunbury-on-Thames, 
Middlesex. 


A model of the nes 
data processing systen 
showing the main moduli 


1.000 characters per second. It provides the high 
speed input for initial programme insertion, pro- 
gramme testing and the insertion of periodically 
changing constants. 

The main output ts from a high speed line 
printer operating under the control of the compute 
and producing up to six copies at 600 lines per 
minute; each line may have up to 120 characters 

Included in the Peripheral equipment comple 
mentary to KDP 10 are a card transcriber, tran- 
scribing card punch, tape reader verifier and ran- 
It is important to note here that 
in many cases it is convenient to use punched cards 
for input and output of data; off-line card/ magnetic 
tape and magnetic tape/card converters operating 
at 400 and 150 cards per minute respectively are 
available 


dom access file. 
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% Stationery on the move 


% Fanfold continuous stationery 
and form feed equipment are always 
moving ahead to meet the latest 


demands of Data Processing. Hollerith Feed 


Of outstanding interest to Top 
Management and Chief Execu- 
tives are the following recent 
developments 


1. Continuous Envelopes Pat. No. 536628 


‘-Punched Fanfold Stationery 


- Hectographic Feed 


eccano Lid 


Photograph 2 ' § Vauxhall 
Motors Lt 

Photog? ; fesy e British 
Petroie par (ec 

Photogra j y courtes ) Lid 


FANFOLD LIMITED BRIDPORT ROAD LONDON N.18 


Telephone : EDMonton 5404 (6 lines 
Telegrams : Busiforms, Norphone, London regarding these developments Oo are 

City Sales Office : 74-75 Watling Street, London, E.C.4 zg g sie pitas: apne  igeeclllnsesi 
Telephone : CITy 3781 invited to write for details to the Bridport 


If you would like further information 


GLASGOW * BIRMINGHAM © MANCHESTER * NEWCASTLE Road address stating the products in 
Ss LFE 
Si a which you are interested 


FAW OUD IS 
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THE BURROUGHS SYSTEM 


continued from page 32 


Specifications of the Burroughs 220 System 





CENTRAL COMPUTER 


OUTPUT 


MAGNETIC TAPE SYSTEM 


Number Base 
Mode 

Storage 

Order Code Type 
Modifiers 


Word Length 
Access Time 
Arithmetic Base 
Add Time 
Multiply Time 
Product Length 


Paper Tape 


Punched Cards 


Keyboard 
Paper Tape 


Punched Cards 


Line Printer 


‘ 


High-speed Printer 


Supervisory Printer 


Capacity 
1. Tape Storage Unit 


2. Datafile 


Characteristics 


Binary coded decimal 
Parallel—serial 

2,000-10,000 words ferrite core store 
Single address sequential 

One ‘B’ register; all storage locations can be used as 
additional modifiers 

10 digits and sign. 

10 microseconds 

Fixed point and floating point 

185 microseconds 

Two milliseconds (average) 

20 digits and sign. 


Up to 10 readers, speed 1,000 characters/second seven 
channel code. 

One Cardatron unit can control up to 
punched card Input-Output stations. 

Complete buffering. 

Six format bands on each input unit for editing. 
Reading speed 240 cards/minute; 80 columns/card. 
Available for supervisory control 


seven 


Up to 10 punches, speed 60 characters/second seven- 
channel code. 

One Cardatron unit can control up to 
punched card Input-Output stations. 

Complete buffering 

Five format bands on each output unit for editing 
Punching speed 100 cards/minute; 80 columns/card 
A line printer may be hooked directly to any 
Output station. 

Complete buffering. 

Five format bands on each output unit for editing 
Printing speed 150 lines/minute, 120 characters/line. 
Dataprinter—magnetic tape fed. On line or off 
line. Buffered and edited. 

Plugboard control printing speed up to 1,250 lines 
minute, 120 characters/line. 

Up to eleven printers may be used. 
characters/second. 


seven 


Speed to 10 


One Magnetic Tape Control can control up to ten 
storage devices. These can be: 

Reel storage, 3,500 feet of tape per reel, two lanes per 
tape. Maximum capacity 1,376,000 words per reel 
Bin storage, 50 tapes of 250 feet each per bin, two lanes 
per tape. Maximum capacity 5,160,000 words per 
Datafile 

Six channels per lane, read-write parity check, variable 
block length, 10-100 words, 208 digits per inch per lane 
density, 120 inches per second tape speed. 
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ADP 


leaves time 


to spare 


Automatic Data Processing would takea 
page or two to explain in simple terms. 
But this terse title should conjure up 
visions of simplified procedure, of 
short-cuts in control, of erecutive time 
saving, of the automatic recording, 
relaying and handling of figures by 
high-speed machines, fed by punched cards 
or tape. AaDDo Automatic Data Processing 
does all that, and more. It is the link 
between management and shop floor... 
co-ordinating the figurework involved 


in any series of works operations, and 
speeding the integration of vital facts 
for statistics and accounting. 
BULMERS already have a wealth of 


BUSINESS MACHINES LTD experience in this comparatively new 
field, and their staff of specialists are 
available to discuss it. If you have 
a little time to spare, and wish you 
had more, please write to: Bulmers 
Business Machines Limited, Empire House, 
St. Martins-le-Grand, London, ECl. 
Tel: Monarch 7994. 
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INTRODUCING THE NEW 


PATENT APPLIED —~ FOR 30/30 


NYLON POST BINDER 


Specially designed to satisfy the demand for a 
loose leaf binder capable of holding marginal 
punched sheets in burst and unburst form. 
Made in unlimited capacities and sizes 
Patented Twinlock fitting prevents flexible 
nylon posts from slipping. Covers have no 


protruding posts, making stacking simple. 


For further information and descriptive leaflet, ask at 
your nearest stockist or 


PERCY JONES (Twinlock) LTD 
37 CHANCERY LANE - LONDON - W.C.2 
Telephone: CHAncery 8971 


FLEXIBLE 
NYLON POST 
ELIMINATES 
NEED FOR 
BINDING 
MARGIN 


EASY TO READ 


EASY TO LOCK 


EASY TO STACK 
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Will 
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computer | 


‘ 


be too small | | : | 
in 1964 ? : | aa 


RI CARES ONS ARLE YRC PYAAR 


If you are far-sighted enough to be contemplating the installation of automatic data 
processing equipment, then you must consider the 1010 before you finally decide. 
Here is a system which offers outstanding advantages in speed, flexibility, reliability 
and size. The 1010 has been specially developed so that an initial installation of 
medium size, and competitive price can be extended to handle up to 32 items of 
peripheral equipment — without any modification to the initial installation 





The 1010 Data Processing System 


Transistorized for compactness, reliabilityandlowheat punched cards and “ on line” matrix and xerographic 
dissipation. printers. 


Can “ grow" to meet your expanding needs. Parallel programming makes best use of the computer. 
Interrupt facilities are provided. 
Suitable for inputs of punched cards, paper tape and 


‘ : Over 70,000 data processing instructions per second 
magnetic tape, outputs of magnetic tape, paper tape, 


are carried out. 











Our systems and programming teams are available for co-operation and advice at all stages from 
feasibility studies to installation. Ask for full details from Computer Department. 


Associated Electrical Industries Limited 


Electronic Apparatus Division-Computer Department 
TRAFFORD PARK - MANCHESTER 17 
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DATA PROGESSING 
FOR EVERYBODY! 


You don’t have to be big to make use of the vast resources of IBM Data Processing. 
The IBM Service Bureaux exist to serve those organisations that cannot justify the 
installation of their own Data Processing machines or find that they are sometimes 
faced with exceptional pressures of work. 
Each with its own staff and equipment, the Bureaux in London and Birmingham can 
undertake a variety of jobs on either a regular or a ‘‘one-time”™’ basis. Equipment 
available ranges from small punched card machines to computers, and their use 
ensures accurate, up-to-date information in minutes instead of days without expen- 
diture on capital equipment, office space, or wages. 
The cost? In a typical case, 3 men were taking 3 weeks to prepare a certain pro- 
duction planning programme: the same answers were prepared on an IBM 650 com- 
puter in thirty minutes for a fee of £35. For another organisation, the payroll for 350 
people is prepared on IBM punched card machines for a weekly fee of £30. Below you 
will see some typical jobs handled by our Service Bureau. 
May we advise on your problems? 

Some Typical Service Bureau Jobs 


Payroll records e Pay cheques and envelopes e National Insurance records 
Labour and material analyses e Expense analyses and distribution 
Income tax returns e Insurance accounting e Statistical research 

Questionnaire analyses e Invoicing and monthly statements 
Production records e Production planning e Stock control 
Job costing e Scientific investigations 


service bureaux 


101 WIGMORE STREET, LONDON, W.1. WELbeck 6690 
DEVONSHIRE HOUSE, GREAT CHARLES STREET, BIRMINGHAM 3 CENtral 6461 
ELECTRIC TYPEWRITERS ce DATA PROCESSING se INTERNATIONAL TIME RECORDERS 


crac 63 
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BUSINESS COMPUTER 
SYMPOSIUM 


Now complete in one volume, this book comprises 
all the papers (with discussions) read at the Business 
Computer Symposium held during the 1958 Electronic 
Computer Exhibition at Olympia. It forms one of 
the most important and significant books for industry 
and commerce published in recent years. At six 
sessions, executives from concerns of diverse nature 
and size—both private and State owned, gave an 
audience of management the benefit of their own 
practical experience in applying electronic computer 
techniques to their particular problems. Delegates 
were invited to question the speakers, and the result 
was that every type of device and its use in every kind 
of concern was fully explored. Specific subjects 
ranged from wages accounting to sales analysis, as 
well as the latest and most advanced techniques of 
business mathematics. Every progressive executive 
should possess this book. From all booksellers, 


75/- net 





PITMAN 


Parker St., Kingsway, London, W.C.2 


Books 


for BUSINESS MEN 
BUSINESS CHARTS by T. G. Rose 


Fifth edition of a short general guide to the uses of different 
types of charts for illustrating business results. Of special 
value are the 22 rules to follow in drawing up and using 
charts 21/9 post free 
THE ROLE OF THE MANAGING DIRECTOR 
by George Copeman, Ph.D 
Based on interviews with 68 lanaging directors and with 
altogether 300 executives in recent years The only British 
book to study management entirely from the point of view 
of the chief executive 43/9 post free 
INSTALLING ELECTRONIC DATA PROCESSING 
MACHINES by R. G. Canning 
Several case studies have been rolled into one by the author 
a partner in a firm of American consultants, to form a 
general picture of the problems involved in installing a 
computer 49 post free 
PRACTICAL OFFICE TIME SAVERS 
by A. H. Gager 
This book offers 525 practical suggest s for making short 
cuts in office work Each suggestion is attributed t the 
company that has put it into practice 466 post free 
FILL IN AND POST NOW 
BUSINESS BOOK CENTRE LTD. 
Mercury House, 109-119 Waterloo Road, London, S.E.1 
Please send me the titles ticked. Remittance valued 
; enclosed. 


£ 
Name 
Address 

ADI 
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GORDON WEBB 
STEEL TYPE 


for 


DATA OUTPUT 


~<>— 


Specialists to Industry in type manufacture 


GORDON WEBB & CO. LTD. 


Avenue Chambers 


Southampton Row, W.C.1 


Tel: HOLborn 9444 





INDEX TO 
ADVERTISERS 








CLASSIFIED ADVERTISEMENTS 


RATES: APPOINTMENTS VACANT, 3s. 6d. per line (minimum 3 lines), 40s. per display panei inch. Ft ge te nea WANTED, 
3s. per lime, 35s. per display panel inch. Box No. charge, Is. extra. Address advertisements to The Cl Manager, 
Automatic Data Processing,”’ 109-119 Waterloo Road, London, S.E.1. Tel.: WATerloo 3388 (Ext. =. 





APPOINTMENTS VACANT 





AUTOMATIC TELEPHONE & ELECTRIC COMPANY LIMITED 


are you 





A PROFESSIONAL ELECTRICAL OR MECHANICAL ENGINEER? 
A GRADUATE, OR EQUIVALENT, IN ELECTRICAL ENGINEERING, 
ELECTRONICS, MECHANICAL ENGINEERING, PHYSICS? 


interested in 
COMPUTATIONAL CIRCUITRY AND TECHNIQUES? 
DESIGN OF LIGHT MECHANICAL ENGINEERING DEVICES? 
do you know 
do you want to know the meaning of 
BINARY TO LINEAR CONVERTER? 
BOOLEAN CIRCUITRY SIMPLIFICATION ? 
RELIABILITY AS A FACTOR IN COMPONENT SELECTION? 
if so 
you have a place in 
AN EXPANDING RESEARCH AND DEVELOPMENT ESTABLISH- 
MENT WHERE ORIGINAL THOUGHT AND METHODS ARE 
RECOGNISED AND ENCOURAGED. 
GENEROUS STAFF CONDITIONS AND CONTRIBUTORY PENSION 
FUND. 
write to 


PERSONNEL MANAGER, A.T. & E. CO. LTD., 
EXCHANGE LABORATORIES, CHEAPSIDE, LIVERPOOL, 2. 


. sending full information of your qualifications, age, experience and interests 








TUITION 








PERSONNEL 


MULLARD SOUTHAMPTON WORKS MANAGERS 


INDEPENDENT 


will shortly have a vacancy for a 


QUALIFIED ACCOUNTANT 


who should be aged 28-35 years for a senior 
position which will entail investigations and 
the planning of applications for a new data 
processing installation. Applicants should have 
had previous experience of this type of work 
A good knowledge of punched card equipment, 
preferably I.B.M., will be required. 
The Company’s conditions of employment will 
be found to be attractive and applications in 
writing should be addressed to the 


Plant Personnel Officer, 
Mullard Southampton Works, 
Millbrook Industrial Estate, 

Southampton, 
quoting the reference K.5. 




















COMPUTER 
TRAINING 


Executives can learn all 
about computers before 
undertaking _ feasibility 
studies and train pro- 
grammers before 
deciding on a particular 
installation by means of 
the unique correspon- 
dence course “ Program- 
ming for Business 
Computers.” Write for 
free brochure to: 


COMPUTER 
COURSES 
(Dept. BP), 

119 Oxford Street, 

London, W.1. 








A.D.P. CONSULTANTS 
TECHNICAL 
COLLEGES 
PUBLISHERS 
use the classified 
columns of 
AUTOMATIC DATA 
PROCESSING 
to fill your vacancies; 
publicise your services: 
announce your courses 
and books on the theory 
and practice of Auto- 
matic Data Processing 
Send NOW for classified 
details to Classified Ad- 
vertisement Manager, 
AUTOMATIC DATA 
PROCESSING, 109-119 
Waterloo Road, London, 
S.E.1, (Tel.: WAT 3388) 





Printed for the Proprietors, BUSINESS PUBLICATIONS Ltd., 
by Samuel Temple & Co. Ltd., 


Advertisement, editorial and sales offices 


office: 180 Fleet Street, Londo on, E.C.4, England (Waterloo 3388 


Venei our Place, Sing Street, London, 
] 


19 Waterloo Road, London, S.E.1 (Waterloo 3388) 








Based on the punched tape technique—time- 
proven in world-wide service—Creed 
equipment today offers you an unequalled 
array of facilities for the automatic pro- 
cessing of business data. The latest machines 

the newest techniques—all designed to 
speed, simplify and economise your opera- 
tions 


Whatever your data processing needs—a 


single unit a complete system—you ll 
find what you want at Creed 

Why not discover now more about this 
equipment and how it can serve you?’ 
Bulletin PT.56 will start you off—a copy is 


yours for the asking 


TELEPRINTERS 


For instant accurate two-way 


communication of business data—over an 
between any number of cations A sit 
transmissior delivers data at destination‘s) 
printed page form, on multi-copy stationery or 
punched tape for subsequent automatic process 


TELEGRAPH HOUSE 





PUNCHES 


Record compute itput—at 
speeds up to 300 characters pe 
second: create input data tapes 
(with or without simultaneous 
page print-out): provide aut 


matic ommon 


language 


punched tapes of routine opera 
tions of cash registers, account 


ing machines 


READERS 


For continuc 
graphic tra 


tape data at 


Bility 


computers 


typewriters, ete 


EDITING 
EQUIPMENT 


Facilities for verifying, com- 

paring, correcting, duplicating 
ombining and winding tapes 

tomatically, at high speed 


controlled equipm 


CROYDON 


EDGE PUNCHED 
CARD EQUIPMENT 


Alpha-numeric punchine of data 
along edges of unit-record cards 
and tickets with simultaneous 
page print-out of coded data; 
automatic high-speed conversion 
of edge card data to punched 
tape for telegraphic transmission 
andior further machine pro- 
cessing 


SURREY 


ASSOCIATE 











